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BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION: 

tech , Pr6Mnt lnV<Sntl ° n rel "« to the field of medical 
technology. particularly regeneration/implantation 
to e •""* POrtiCUlar1 ^ «*• resent Invention relates 
to a technique of mooting a desired biological material 
into organises. The present Invention also relates to an 

veloi: r 7 aWO ° f ln>0tln9 8 ll9UM *»» at ° -""ant 
veloo.ty. More particularly, the present Invention relates 
to a liquid drug meeting apparatus for injecting a llguld 
containingcell. into organise at a relatively low velocity 

2. DESCRIPTION OF THE RELATED ART: 

With recent advances in medical high- technologies 
auch as regeneration m edicine. implantation medicine, ^ene 
-dlclnev and the li.ee. . ceils or biological molecules such 
as nuc elc acid molecules, protein, or the URe. are being 
dlrectl, -introduced into organise for therapy, prevention 
or the IrRe. Such a , technique ' 1, considered to become 
increeemgly important in actual clinical situations "s 
"generation/implantation technologies, gene therapy, and 
the URe are more and more developed. 

„, Fore «™Ple. " the field of the circulatory system 
a. the ber 6£ eiderly peroong Md • £ em 

with rschemic heart diseases Increases, the number of severe 
circuit ^ ~ tio «« -Percutaneous corona^ 
Such" J ~*™tlo„ cannot be applledalso Increases 
such severe patient, have to be repeatedly ho,pitall 2 ed and 

111 iT" 1 " 3 ln hi9h madical - 

of an k • ThBraf0re - thareisademandforaevelopment 
ofanepoch-maRlngtherapeuticmethodfortheabove-described 
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oases. 

Treatment results for circulatory disorders are 
being improved with innovation in internal and surgical 
5 therapeutics. However, in the case of highly severe oases, 
there is no established treatment other than less universal 
replacement therapy, such. as implantation, the use of an 
artificial organ, and the like . In the current circumstances , 
it is nearly . impossible to prevent the irreversible 

10 development of the symptom of organ failure and save lives. 
In addition, the treatment of such severe cases require high 
medical cost, such as an expensive fee for treatment itself , 
a fee for care, and the like, and huge expenses for building 
infrastructures for patients with sequelae, putting pressure 

15 on medical finance in Japan, which has already been 
deteriorated-. Therefore, the establishment and 
industrialization of any novel, effective and inexpensive 
(i.e., high cost-performance) treatment, such as 
regeneration medicine, and the development of basic medical 

20 industries supporting it are urgent objectives for medical 
care as well as for society and the economy, . In the. world, 
post -genome blotechnoloigies are coming into practical use. 
Also in the circulatory organ field, regeneration medicine 
has already been realized and the international competition 

25 . to research and develop it is becoming increasingly fierce. 
Particularly; the heart, which has been believed to have 
no regenerating ability, has great value in the application 
of regeneration medicine. At present > numerous researchers 
have entered this field and studied vigorously . So-called 

30 "regeneration mediaine" , which utilizes cells , nucleic acid 
molecules , or the like to basiaally repair and regenerate 
tissue or organs suffering from injury or an intractable 
disease, which cannot be cured by conventional drug therapy 
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and organ transplantation, is revolutionizing the 
conventional concept of medical treatment. The 
establishment of regeneration medicine Is now an essential 
challenge in treating intractable diseases. In the world, 
5 regeneration medicine has already been used in actual medical 
practice. Further, regeneration medicine is in the initial 
stage of industrialization mainly in the USA, where the 
economic merit thereof is recognized and the competition 
thereof is becoming fierce. In Japan , regeneration medicine 

10 is still in the phase of basic research and development mainly 
. in the tissue/cell engineering field. The studies are most 
recently showing the feasibility of regeneration medicine 
as medical treatment, but it is pointed out that the studies 
are not sufficiently associated with industries. In these 

15 situations, it is considered to be significantly important 
to undergo large-scale and comprehensive technological 
development of regeneration medicine so as to establish the 
base of a novel high value-added industry in order to activate 
medical Industries in Japan in terms of social importance 

20 and urgency. 

However, there are various outstanding problems to 
be solved so as to apply regeneration medicine clinically 
to humans, including development of cell sources as well 

25 as large-scale and safe culture systems , therapeutic devices 
for cells y and the like. As a cell source for clinical 
applications v a self -pulsatile cell> a non- self -pulsatile 
cell, or a muscle cell transformed by gene transfer has been 
used in animal experiments, in which the cell is cultured 

30 and the cultured cell is directly Injected into a normal 
or injured cardiac muscle tissue; There has also been a 
experimental report, that, implanted cardiac muscle cells 
successfully survived in cardiac muscle tissue . In a certain 
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clinical case in which skeletal myoblasts were used in 
implantation, an improvement in cardiac function was 
confirmed. At present, cells .available for cardiac muscle 
regeneration therapy include myoblasts derived from self 
skeletal muscle for use in regeneration of self cardiac muscle , 
and self bone marrow mononuclear cells. In the case of the 
latter, clinical studies have already been developed for 
the inferior limbs and the heart in Japan. However, since 
the bone marrow mononuclear cell differentiates in various 
ways, the direct implantation of it has a number of 
disadvantages , suah as poor long-term results and side 
effects . In view of these points; it ie necessary to culture 
In vitro clinically meaningful graft cells, such as cells 
differentiated from skeletal myoblasts, mesenchymal stem 
cells, and the like. As to therapeutic devices, delivery 
systems have been conventionally studied for, for example, 
gene therapy and the like. However, most of the research 
on gene therapy and the like are concentrated into vectors 
for introducing genes into organisms . Even If vectors having 
a high affinity to tissue and cells and a high level of 
introduction efficiency are. developed, delivery systems for 
sending the vectors to affected areas are still required. 

It ie difficult to implant cells or introduce genes 
without damaging the cells or the genes. Actually, current 
gene therapy or cell therapy is mostly carried out by direct 
injection from the body surface to an affected area using 
a syringe needle. However, manual direct injection into 
affected areas using a syringe needle is not considered to 
have a sufficient therapeutic effect in terms of medical 
effects. In the abdve-desaribed therapy, it is believed that 
a gene within a cell is damaged and the cell nucleus is 
disrupted,- eliciting apoptosis in which the cell dies in 
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accordance with a program. 



Conventionally, delivery systems have also been 
conventionally studied for M n. 

u r gene therapy and the lit* 

However. nost of tha ro „ earch m gene Jhe 1 ^ 

are concentrated ln to vectors for introducing S ene Into 

conventions^. H „, ^J^J™^ 
the infection velocity end acceleration of a li™ ld 

injected .anueuy. the velocity, acceleration. and the J£ 
of the l lquld drug i3 Mlatively Wgh _ ^ 

Therefore, convetional devices are not suitable for 

aMtheT^of h t dePend3 °" ^ VelOOUy - — «ti« 
there h „ ^ drU9 dUrl " S *-J«**o». Therefore 

there has been a demand f ore si mp le device capable of inject ln g 

unchaC S T alniD3 * velocity 9 

c 

SUMMARY OF THE INVENTION 
The above-described problems have been solved by the 
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unexpected achievement that when a hi rt i « 

^otea lnto organiam3 , rirrrr 1 ' 

accelerated at * . -"-uxogicai material i 8 

Predetermined „„ ge „ £ velocitlr ^ Mlntalne(J 

-e-de:;r;^rr:r t rrr ln view o£ - 

1b to provide a liauid dr„ • I P^eent invention 

or e=oe lwation . thBMOf ^ Predetermined veiocity 

According to one aspect of 
e method » provlded f „ ^J** ™ e »*— " invention, 

* blologioel Mterial ^ a l t " rt drU9 ° mt ^"* 

A) injecting, the l lauid d th ° d -•«»• «» step of: 

-terlei oonteined l^ 1 ™M "* M * 1 "«~* 

Predetermine* ^ £ ^ * ~ « a 

rn one embodiment of thia , 
Predetermined range of Velo / Mention, the 

of the JoC^^^ * — W 



^ one embodiment of thi fl i„ 
Predetermined range of velocity ia ie fie tha ' ^ 

about 20 ml/min. . ^se than or equal to 

In one embodiment of irhla < 

Predetermined range of velooitv,^ inven ^ the 

velocity i fi less than Qbout 1q 
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' m one embodiment of this invention the 

to" ; ] TT- ran9e is ^ter than « eq 

to about l ml/min and les6 thfln abQut iQ mi/ ^ 

further ^ T 6mb0di,nent ° f thls invention, the method 
further oomprises the sten rt f, bi „ , 

™ to rsaoh the - ge of 

In one embodiment of this Invention th. 

In one embodiment o-f 
Predetermined range of aeceWat/ , «™«lon. the 

« a bod y n onr b T7 nt ° £thi ^ 

of e ti amb ° dl ^ nt ° f tnl ° invention, en Innerdiemeter 



mm, 



-term o^Cttr it" lnVentl °"' MOl ° 9lCal 

ceils, tissues, and organs. 

In one-embodiment of this invention, the bloiogioal 
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material 1b a cell an* i-h~ 

^cut 20 ml/mia. ^ Vel001ty " 1 -l/min to 



30 



In one embodiment of i-h* o ,• 
material is a ceU and ° th ' fl the biologic,! 

«bout !0 ml,mi„. " d VSl0C " y le a »out , ml,„i n to 



In one embodiment of thin ir,««.„». 
further oomprieen the etep of . c) L! ' '" eth ° d 

-e li<Iuld arug oontaininVthe bioIoT r 0 Vel °° 1,y 01 
P-termine, range of ^^Z^^ 

value o £ ^^X°etT nt r ^ 

the range o £ IZ "! t ^""^ ^ocitv ts i„ 

Ut 1 nHn to about 15 mm/sec 2 . 

In one embodiment of this irv.„f 

drug containing a Molooi™, » ««n using a llqula 

the «ep 0t . A) inwt ° rla1 ' Th ° ™">°" ^Prieea 

Mologloal material co raL:" UqUld ^ CO "^ 

« a ^^cr^r" into • - ,b 

a biologlca/materi" ; h :^ ln9 * Naming 
injecting the lleu^ 7 Y " e,n 00 ^«aas, A) an Injector 

^terialtoatar^orX; " C ° nt41 " ln9 th9 Wol °^ 

-tonal aethat n !:"; rU9 0<> " talnin9 biological 

the- injection velocity of the Uquid drug 
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containing the biological material », < , ■ 

u A material Cfl n be maintained within 
a predetermined range. ^ 

in one embodiment of this invention. the 
5 predetermined range of velooitv m«i»4. • ".the 

- ^-Loaity maintains a blolooin^i 
activity of the biological material. 

In one embodiment of this invention th« 
Predetermined range of velocity is i ess than 
> about 20 ml/min. ^ ° r 6gUal to 



In one embodiment of this )m, 4(1 f 

In one embodiment of this i n « M f 
to about , m i /mln aM laBS than . abQut io mi/min -*«X 

«m aoe r en,b0,il,nent of tn " invention, the adjustor 
material at a p r . deternlne4 rang(j Qf acoeleratlon _ 

In one embodiment of thi» 
uivity of the biological material. 

In one embodiment of this inuaBf . 
1 mm/eec 2 to about is mm/seo 2 . 

of a bod r o rtT odimento£tht< ' inve ' ,ti6 ' , - aninn -< ii ™«- 
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Preferab ly b :;' u " ~ "r 1 " " 1 " t0 " 
jr uuuc u.25 mm to about 1 mm. 

Polypeptides lini* nucleic acid molecules, 

' ceJ - l8 < tissues, and organs. 

about, aa ^n M4 tte ,ilot ^" V«i/«m to 

^t^^Tiri^ r this inventi ° n - the 

about lo: ml/ Jn " — * 1 ^ - 

about iooo W ■ „ ! ln3eCt ° r 18 about °-M *»" to 

~» Pr oir My p i; :r iy r ut 1 mm> to ^ s °° «* 

eraoiy about 5 mm 3 to about 150 mm 2 , 
out £» r treatment or prophylaxis of a heart . • 

*». contain, a bi , lo ^ ^ ' 

comprises: A) an imw. + * ^terlal. The system 

»o B) -ad 3 uator for a a3 L" /tHo , ° r9a " iSm! 

ajustlng the injection of the llquia 
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material o k ^ col,t « i "*'>* the biological 

-Uril can be .aintained „ itMn . pred9t6rmlned ^ 

a l h T a drU9 iS ° UtPUt throU3h »«W and 

"Ml. lint , n °" le P ° rtlon bv e "«™al control 

u„c h l:: o ntalnin9 * velocity suo S tantiall y 

Portion o^"^^ lnVS " tl0n - ~*» 

prises, a Plunger. provided with a screw- thr-«„H 

m ° Ved lnt ° -M a «ut-t„r a 

nut-thread portion. PlU " 9er " ° n9a9ed w "» th « 

Portion cX" ° £ thlS lnTOnt1 ™- «■ 

can be moved "'the ^ arr ° n90<i *° PlU " 9eI 
tlo „„», " cylinder; and a plug provided at a 

tip portion. , of the plunder Th» „, 

spring-^ elastie JS^^^t^T ° 0mPri8eS Q 
velocity or a.oeaerat.on th er eof U ^Zl "** ' 
to a predetermine value. , *" " ^ 

In. one embodiment of this 1 
Portion comprises, a olnV Mention, the pushing 

an elastic * u * Pl ? Ber P rov *<*<3 in the cylinder; and 
elastic member provided at a - tip. portion of the plunger 
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The elastic member can be compressed when a velocity or 
acceleration thereof is greater than or eaualt 
Predetermined value. Q 1 to a 

In one embodiment of this 
Portion comprises- a „„» Mention, the pushing 

DorH m P r "es. a Plunger provided with a screw-thread 

Portlonof thepiun g eri,en g a g edwit ht „e n th ™-thr Md 
and an elastic M b u provided at a tin T " P0 " i0n: 

the tipportlon ^a * ln th ° " P-hed out w lth 

the velocity „r a0 oele T 9ar " r0tati " S PlU " 3 «- «"» 
or e 9 u.l toVprX , " ° f PlU " 36r iS ***** «*» 
be oompre/aed ' ™ VSlUe - «—M« member can 

In one embodiment fm rt • 
Portion comprises- an in.i I ^tlon t the pushing 

mprises. an inflating member provided on x ~ < 
perimeter portion of the cylinder- and , 

for loading an lncompresslblIfriTint l\ n9 P ° rti ° n 
- incompressible fluid 

into the InflaMno « t. 7 ttle -Loading portion 

-ear e„d portion otthe cnrnder ^r ^ """^ " 
la loaded by the lo»«, mnder - Tl,e "oompreesible fluid 

o Dy the loading portion into the inf let i„„ „ ,. 
at a substantial iv ™ * . mtlating member 

thereof. * /« acceleration 

tn . one - embodiment- of this invention, the pU3hlng 
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portion comprises: a plunger ^ 

cylinder; and a driving portion for in8ert th ° 
into the cylinder at a constant velocity. 

is a x ' n ; neemb °^ ent ^ this invention, the liquid drug 
is a liquid containing a cell. 

below. PUn0tiOMOfthe ^-« ln v 0 n tionwUlbede,crlbed 
A liquid drug Injecting device of rh« 

i:rr oomprfoe6 a oyllnder j to „ h ^ a - q 

a WhiC " ° 0mPri ' M " *~«°» '« outputs™ 

inereoy, it i s possible to prevent „ 
predetermined force or more from h < Prevent a 

or more from being exerted on the n «m * 

«- ^;;;; 3 ;ror P ™r;:; lbeahereinMke, ' p<, " ibie 

j . • Providing (i) a method and system for 

8 uc haB « gene . acell . 6r;thfelika _ lfitoorsanlrasBfflol • 

and effectively while m„-;„«- .. , ^icientiy 

tog into the body while iaLtaf n ln3e ° tln9 " U « U " 

and/or . v Y ' ""' ; " ltaln:Ln 9 a Predetermined velocity 
and /or acceleration unchanged; -whetehy. f o,exa m ple, when 
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a cell-containing u, U i d is injected into the body. It is 
possible to suppress the a d veree influence of £J£ 

having . simple structure suitable for inJaotlon q£ 
' cell-oontalning li,ul d lnto the body 

will becoT" an<1 ° ther adVa " ta ^ 3 ° f «• Present invention 
"ill become apparent to those sklll ed in the „, 

» e^:rrr s the < o1 — — -ecr^r 

reference to the accompanying figures , 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exemplary device according to the 
present invention which is used in Example 1. 

_ ■ \ Figure 2 is a cross -sectional view of a liquid drug 

u.id 

in w • F1 T" 4 10 a Cro3s -"«i°n»l view of e ilquld drug 
injecting device according to another embodiment of the 
present invention. 

of the , ■^r 5A " B are Qla9ram3f0r 6,tPlainl "^ £u "°"°n 
°f the. liquid drug lnjeatl „ g aev . ce Qf Flgui _ e 4 

inlectinoT V ' " * tionei view of a liquid drug 

the " T aCCOrai " 9 t0 SUU an ° thsr ^o^nt of 
the present invention. 
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f gUre 7 16 a ^gram for explaining a function of 
the liquid drug injecting device of Figure 6. 

Figure 8 is a oross-sectional view of a liquid drug 
injecting devioe according to still 

■ Lng TO st ill another embodiment of 

the present invention. 

in-,. F T ra ' 10 * ° rO * s - secW0Ml °f « liquid dru 9 
.aj.ctmg device aooording to stlu onother einbo 9 

the present invention. 

th " ', < Fl9Ure 10 18 3 dia9ram f ° r ex P^ming a function of 
the liquid drug: injecting device of Figure 9 , 

injecting" ** is a -optional view of a liquid drug 
injecting devxce according to still another embodiment of 
the present invention. 

the liouidT 12 ^ 9 dia9ram ' ° r * ^notion of 

the i igU;Ld drug mjectlng device of Figure 11. 

. Figure 13 is a cross- sectional view of a liquid drug - 

injecting device according to still , nn , h . 9 
the present invention. " <* 

inleotmfTT * Cr<yes - 8 ^^al>iew of a liquid drug 

thTpllt 6 6 aCO ° rdln9 ^ 8tl11 — h - sediment of 
xne Present invention. 

inn. ► , Fl9Ure 15 18 a " ° Xe,n!,lar y «h.ct U r« of a liquid drug 
looting oyste „ accoraing t<> ^ ^ 
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Figure 16 is a graph 8howing fl aetailed example Qf 

the inaction time and linear velocity of a system according 
to the present invention. 

Figure 17 is a graph showing a detailed example of 
the injection time and linear velocity when a i- m i syrlnge 
was manually used at a rate of 38 ml/min. 

Figures 18A-D are graphs showing typical exemplary 

~ lferatl ° n rat6S ° V6r time *«« injection using 
the MTT method. u 

Figure 19 is a graph showing other exemplary cell 
proliferation rates over time after injection using the MTT 



method. 



E *„ m i I' 90 " 20 18 a 9 " Ph 8h ° Wing an -apiary result of 

■ Figure 21 is a diagram showing devices used in 
Example 5 , n 

Figure 22 is a diagram showing that a device is 
inserted into the heart. 

figure 23 Is a diagram showing that a device is 
Inserted into the heart. 

Figure 24 is a diagram showing the results of an 
experiment in Example 5. " 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It should be understood throughout the present 
specification that articles for singular forms include the 
5 concept of their plurality unless otherwise mentioned. 
Therefore, articles or adjeatives for singular forms (e.g. , 
"a" . "an" , "the" , and the like in English) include the concept 
of their plurality unless otherwise specified. Also, it 
should be also understood that terms as used herein have 
10 definitions ordinarily used in the art unless otherwise 
mentioned. Therefore, all technical and scientific terms 
used herein have the same meanings as commonly understood 
by those skilled in the relevant art . Otherwise, the present 
application (including definitions) takes precedence. 

15 

(Definitions) 

As used herein; the terms "biological molecule" and 
"biological material" are used interchangeably and each 
refers to a material related to organisms. Particularly, 

20 a sample containing such a biological material may herein 
refer to a biological sample. As used herein, the term 
"organism" refers to a biological system, including, but 
not limited to, animals, plants, fungi, viruses, and the 
like . Therefore f the biological molecule and the biological 

25 materials include, but are not limited to, materials 
extracted from organisms. Any molecule capable of affecting 
an organism falls within the definition of the biological 
molecule and the biological material. The biological 
molecule and the biological material include cells, tissues , 

30 a part or the whole of organs, proteins, polypeptides, 
oligopeptides V peptides, polynucleotides, oligonucleotides, 
nucleotides, nucleic acids (e.g. , DNA such as cDNA , genomic 
DNA , or the 'like, and RNA such as mRNA), polysaccharides, 
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oligosaccharides, i lpida , low moleoular 

molecules (e.g.. hormones. Uganda, information transfer 

chemistry . low molecular weight molecules (eg 

. a^hrf/.T 17 acceptabie iow moie ° uiar ^ ^ 

and the li ke ) , and the l lke) . and combinations of these 
molecules. As used herein, the biological molecule may be 
Preferably a cell, a polypeptide or a polynucleotide which 
have a medical effect. 

(Cells) 

in the arT ^ " U "* ln sense 

in the art. referring to e structural unit of tissue of s 

i-.whionisoapableofself repiZ tin g 
has genetic Information ana a mechanism for expressing it 

the li ty a — ««• "ruoture which tsolates 

natura V li nS " ° Ut3ld6 - ^ ™* herein „a y b 

aturally occurring cells or artificially Rifled cells 
(o.g. . fusion oeus. genetically modified cells etc ) , 
9 e„e for use in genetic modification .ay have efficacy as 
« U . or as it is. expressed. ExM ples of a source for eel 
"elude. bu t are not. limited to. a single cell culture th 

:i r r:; iTn ;i^ u ~ • ^ 

cell iL " ' 3UCh M colis fr ™ a normally groMn 

cell line, and the like. -.. 

Cells used herein may be derived from any organism 
<••... *nyunicel lu iarOrgahlsm (e.g. . bacteria, yeas. etc 7 
or a, >y multlceliular organism: (e.g., eninL e g 
vertebra es. and invertebrates,, . plint8 ^J" 
^.^ •^.^^^.'.tc,,!. Per J^ll 

«y i iZes ein P r; e aerivM *~ • .... 

formes. Petronyzonlformee. Chondrlchthyes . 
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Osteichthyes, amphibian, reptilian, avian, mammalian f etc. ) , 
more preferably mammalian (e.g., monotremata, marsupialia, 
edentate, dermoptera, chiroptera, carnivore, insectlvore, 
probosoidea, perissodactyla, artiodactyla, tubulidentata, 
pholidota, sirenia, cetacean, primates, rodentia, 
lagomorpha, etc.). In one embodiment, cells derived from 
Primates (e.g., chimpanzee, Japanese monkey, human) are used. 
Particularly, cells derived from a human are used. The 
present invention is not limited to this . Cells used herein 
may be stem cells or somatic cells. Such cells may be used 
for the purpose of implantation. Preferably, cells are 
suitable f or the organisms.which are intended to be subjected 
to injection. More preferably, cells are isologous to the 
organism. Even more preferably, cells are derived from the 
organism in view of immune reactions. 

As used herein, the term * stem cell" refers to a cell 
capable of self replication and pluripotency. Typically, 
stem cells can regenerate an in jured tissue . Stem cells used 
herein may be> but are not limited to, embryonic stem (ES) . 
cells or tissue stem cells (also called tissular stem cell, 
tissue-specific stem cell, or somatic stem cell). A stem 
cell may ba an artificially produced cell as long as it can 
have the above -described abilities. The term * embryonic 
stem 0611" refers to a plurlpotent stem cell derived from 
early embryos. As are different from embryonic stem cells, 
the direction of differentiation of tissue stem cells is 
limited. Embryonic stem cells are located at speaiflc 
positions in tissues andhave undifferentiated intracellular 
structures, therefore, tissue stem cells have a low level 
of pluripotency. In : tissue stem cells, the 

nucleus /cytoplasm is high and there are little intracellular 
organelles; Tissue stem cells generally have pluripotency 
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and the cell cycle is long, and can maintain proliferation 
ability beyond the life of an individual. Stem cell used 
herein may be embryonic stem cells or tissue stem aells as 
long as they are employed for intended treatment, 

5 

Tissue stem cells are separated into categories of 
sites from which the aells are derived, such as the dermal 
system, the digestive system, the bone marrow system, the 
nervous system, and the like . Tissue stem cells in the dermal 

10 system include epidermal stem cellar hair follicle stem cells , 
and the like. Tissue stem cells in the digestive system 
include pancreas ( common ) stem cells/ liver stem cells, and 
the like. Tissue stem cells in the bone marrow system include 
hematopoietic stem cells, mesenchymal stem cells, and the 

15 like . Tissue stem cells in the nervous system include neural 
stem cells, retina stem cells, and the like. 

As used herein, the term "pluripotency" refers to 
a nature of a cell, i.e. / an ability to differentiate into 

20 one or more, preferably two or more, tissues or organs. 
Therefore, the term "pluripotent'' is herein used 
interchangeably with "•undifferentiated" unless otherwise 
mentioned. Typically, the pluripotency of a cell is limited 
as the cell is developed, and. in an adult, cells constituting 

25 a tissue or organ rarely alter to different cells, where 
the pluripotency is lost. Particularly, epithelial cells 
are unlikely to alter to other epithelial cells. However, 
such alteration typically occurs in pathological conditions , 
and is called metaplasia. However; mesenchymal cells tend 

30 to easily undergo metaplasia, i.e., alter to other 
mesenchymal .cells, with relatively simple stimuli. 
Therefore, mesenchymal cells have, a high level of 
pluripotency. fES ceils have pluripotency. Tissue stem 
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cello have pluripotency. As used herein, the term 
. n totipotency" refers to the pluripotency of a call, such 
aa a fertilized egg, to differentiate into all aelle 
constituting an organism. Thus, the term "pluripotency" may 
5 include the concept of totipotenoy . An example of an In vitro 
assay for determining whether or not a cell has pluripotency, 
includes, but is not limited to, culture under conditions 
for. inducing the formation and differentiation of embryoid 
bodies. Examples of an In vivo assay for determining the 

10 presence or absence of pluripotency, include, but are not 
limited to, implantation of a cell into an immunodef iclent 
mouse so as to form teratoma , injection of a cell into a 
blastocyst so as to form a chimeric embryo, implantation 
of a cell into a tissue of an organism (e.g.. Injection of 

15 a cell into ascites) so as to undergo proliferation, and 
the like. 

As used herein, the term "somatic cell" refers to 
any cell other than a germ cell, such as an egg, a sperm, 
20 or the like, whiah does not transfer its DNA to the next 
generation. Typically, somatic cells* have limited or no 
pluripotency. Somatic cells used herein may be 
naturally- occurring or genetically modified as long as they 
can achieve the intended treatment. 

25 

The origin of a stem cell is categorized into the 
ectoderm, endoderm, or mesoderm.. Stem cells of ectodermal 
origin are mostly present in the brain, Including neural 
stem cells. Stem cells of endodermal origin are mostly 
30 present in bone marrow, including blood vessel stem cells, 
hematopoietic stem cells, mesenchymal stem cells, and the 
like. Stem cells of mesoderm origin are mostly present in 
organs, including liver stem cells, pancreas stem cells, 
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and the like. 

As used herein, the term 'established* in relation 
to cells refers to a state of a ceil in which a particular 
5 property (plurlpotency) of the cell is maintained and the 
cell undergoes stable proliferation under culture conditions . 
Therefore,, established stem cells maintain pluripotency. 
Both established cells and primary culture aelle maybe herein 
used, 

10 

As used herein , the term " differentiated cell " refers 
to a cell having a specialized function and form (e.g. , muscle 
cells, neurons, etc.). Unlike stem cells, differentiated 
cells, have no or little pluripotency. Examples of 

15 differentiated ceils include epidermic cells, pancreatic 
parenchymal cells, pancreatic duct cells, hepatic cells, 
blood cells, cardiac muscle ceils , skeletal muscle cells, 
osteoblasts, skeletal myoblasts, neurons, vascular 
endothelial cells, pigment cells, smooth muscle aells, fat 

20 cells, bone cells, cartilage cells , and the like. Cells used 
herein may be any of the above-described cells as long as 
they can be used to carry out the intended treatment. As 
used herein, the terms *dlf ferentlation" or "cell 
differentiation" refers to a phenomenon that two or more 

25 types of cells having qualitative differences in form and/or 
function occur in a daughter cell population derived from 
the division of a single cell . Therefore, "differentiation" 
includes a process during which a. population (family tree) 
of cells which do not originally have a specif ia detectable 

30 . feature acquire a. feature, such as production of a specific 
protein, or the like. 

As used herein, the term -tissue* refers to an 
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aggregate of cells having substantially the same function 
and/or form in a multicellular organism. "Tissue* is 
typically an aggregate of cells of the same origin, but may 
be an aggregate of cells of different origins as long as 
the cells have the same function and/or form* Therefore, 
when cells are injected into a tissue according to the present 
invention, the; tissue may be composed of an aggregate of 
cells of, two or more different origins. Typically, a tissue 
constitutes a part of an organ . Animal tissues are separated 
into epithelial tissue, connective tissue, muscular tissue, 
nervous tissue, and the like, on a morphological, functional, 
or developmental basis . Plant tissues are roughly separated 
into meristematic tissue and permanent tissue according to 
the developmental stage of the cells constituting the tissue . 
Alternatively, tissues may be separated into single tissues 
and composite tissues according to the type of aells 
constituting the tissue. Thus, tissues are separated into 
various categories,. Any tissue may be herein subjected to 
injection as long as the tissue aan be sub jected to the intended 
treatment. 

Any organ or a part thereof may be used as a biological 
material to be. Injected in the present invention. Tissues 
or cells to be in jected in the present invention may be derived 
from any organ. As used herein, the term "organ* refers to 
a morphologically Independent structure localized at a 
particular portion of an individual organism in which a 
certain function is performed. In multicellular organisms 
(e.g., animals, plants), an organ consists of several tissues 
spatially arranged in a particular manner, each tissue being 
composed of a number of cells. An example of such an organ 
includes van birgan relating to the vascular system. In one 
embodiment morgans targeted by the present invention include , 
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but are not limited to 8 Wn hi. ^ 

heaT . t ' S * ln ' Woodyeaeel, cornea, kidney 

heart, liver, umbilical cord i„w y ' 
Placenta, pancreas brain f testlne ' nerve, lung, 

the UK.. ain ' peri P ha «l Umbs, retina, and 

be cultured 6 / ' ° * inJe ° te<i ^ P " aent Mention can 

uowing teohnlq Ue8 well-known in the art an 
Illustrative medium . includes, but is not ill ' 
Dulbecco's Modify/I r„ i . limited to. 

o s Modified Eagle 6 Medium (DMEM) (see h p . , 
Science 122:501 (1955)- R D ulh^ \ 

8. 396, 1959, As a n fj, * Oology, 

as an illustrative culture m^^A 
technique can be used. For examm* ° Ulture met bod, any 
Acta. 178, 397(1969, f ^ *" B± ° PhVa - 

=r r — " ass 

cardi ' 217U976) forae P«"tlon and culture of juvenile 

cardiac muscle cells • r f ;r~„ • ^ Juvenile 
(19^ip " Koni 9 s berg, Science. 140, 1273 

(1963) ^r culture of skeletal muscular cells- YasusadaM, 
KetsuekiKans^ihr, tki ^ rasusada Miura, 

j Cel ° r ' b0 " e " arr0,Mll « ! O.H. ssaohel 

Cel1 - C <»"P- Physiol.. 66. 319(ios=, . „ «=nes, 

^ajtna, L.G., J, Cell. Physiol., 91, 33S(1977) fnr 
P letic stem cells and mesenchymal stem cells . 
(Other Biological Materials ) 

The term, -protein, -poiype^^,. -„ ligopeptl(Ja . 



- 25 - 



C0004 



and "peptide" a. used herein have the same meaning and refer 
to an amino acid polymer having any length. This polymer 
may be a straight, branched or cyclic chain. An amino acid 
may be a naturally-occurring or nonnaturally-occurring amino 
acid, or a variant amino acid. The term may include those 
assembled into a complex of a plurality of polypeptide chains 
The term also includes a naturally-occurring or artificially 
modified amino acid polymer. Such modification includes 
for example, disulfide bond formation, glycosylate' 
llpidation, acetylatlon, phosphorylation, or any other 
manipulation or modification (e.g. . conjugation with a 
labeling moiety). This definition encompasses a 
polypeptide containing at least one amino acid analog (e g 
nonnaturally-occurring amino acid, etc.), a peptlde-ilke 
compound (e.g.. peptoid) . and other variants known m the 
art, for example. A polypeptide for use in the present 
invention can exhibit at least one biological activity in 
an organism into which the polypeptide is injected 
preferably a pharmaceutical effect. 

The. t eri „s -polynucleotide", -oligonucleotide- , and 
nucleic acid- as used herein have the same meaning and refer 
to a nucleotide polymer having any length. This term also 
includes an 'oligonucleotide derivative" or a 
"polynucleotide derivative-. . 1 An "oligonucleotide 
derivative- or a "polynucleotide derivative" includes a 
nucleotide .derivative,, or: refer*. toV an oligonucleotide or 
a polynucleotide having different linkages between 
nucleotides from typical linkages . which are interchangeably 
used. Examples, of such an oligonucleotide specifically 
include 2«-oimethyl-ribonucleotide. an oligonucleotide 
derivative in which a phosphodiester bond in an 
oligonucleotide is converted W a. phpsphorothioate bond 
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an oligonucleotide derivative in whioh a phosphodiester bond 
in an oligonucleotide is oonverted to a N3'-PS' 
phosphoroamidate bond, an oligonucleotide derivative in 
which a ribose and a phosphodiester bond in an oligonucleotide 
are converted to a peptide-nucleic acid bond, an 
oligonucleotide derivative i n „ hich uracll ±n an 
oligonucleotide is substituted with C-5 propynyl uracil 
an oligonucleotide derivative in which uracil in an 
oligonucleotide. is substituted with C-5 thiazole uracil 
an oligonucleotide derivative in which cytoslne in an 
oligonucleotide is substituted with C-5 propynyl oytosine, 
an oligonucleotide derivative In which oytosine in an 
oligonucleotide, is substituted with Phenoxazine-modif led 

15 nMr 81 ^' *" ° llgonucleoti ^ Privative in which ribose in 
15 DNA ie substituted with 2 ' -O-propyl ribose, and an 
oligonucleotide derivative in which ribose in an 

oligonucleotlde.issubstitutedwithZ'-methoxyethoxyribose 
Unless otherwise indicated, a particular nucleic acid' 
sequence also implicitly. encompasses 

conservatively-modified variants thereof (e.g. degenerate 
oodon substitutions, and complementary sequences and as well 
" SeqUenCe ex P^citly indicated. Specifically 

degenerate codon substitutions may be produced by generating 
sequences in which the third position of one or more selected 
<or all, codons is substituted with mixed-base and/or 
deoxyinosine ; residues . (Batzer et. ai,, .Nucleic Acid Res . 

' ff«^ et ^ J- Biol-,Chem. 260,2605-2608 
(1985,; Rossollni et al.. Mol. Cell. Probes 8 : 91-98 ( 1994 , , 
As used herein ; the term -nucleic acid molecule" is also 
used interchangeably with the terms "nucleic acid' 
oligonucleotide-, and- -polynucleotide-, including cDNA,' 
mRNA, genomic DNA, and, the like.- . A polypeptide for use in 
the present invention can exhibit -at least one biological 



20 
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activity in an organism into which the polypeptide ie injeated, 
preferably a pharmaceutical effect. Alternatively, a 
polynucleotide for use in the present invention may exhibit 
at least one biological activity in an organism, into which 
5 the polypeptide is injeated, if it is transcribed and/or 
translated, preferably a pharmaceutical effect. 

As used herein , nucleic acid and nucleic acldmolecule 
may be included by the concept of the term 11 gene" . A nucleic 

10 acid molecvale encoding the sequence of a given gene Includes 
n splice mutant (variant )■" , Similarly, a particular protein 
encoded by a nucleic acid encompasses any protein encoded 
by a splice variant of that nucleic acid, "Splice mutants " , 
as the name suggests, are produots of alternative splialng 

15 of a gene. After transcription, an Initial nucleic- acid 
transcript maybe spliced such that different (alternative) 
nucleic acid splice products encode different polypeptides . 
Mechanisms for the production of splice variants vary, but 
include alternative splicing of exons. Alternative 

20 polypeptides derived 1 from the same nucleic acid by 
read-through transcription are also enaompassed by this 
definition. Any products of a splicing reaction , including 
recombinant forms of the splice products, are Included in 
this definition. Therefore, the gene of the present 

25 invention may include the splice mutants herein. As used 
herein, n geneK refers to ah element defining^ genetic trait . 
A gene is typically arranged in a given sequence on a chromosome . 
A gene, which defines the primary structure of a protein is 
called a structural gene . A gene which regulates . . the 

30 expression of a structural gene is called a regulatory gene 
(e.g. , promoter) . Genes herein include structural genes and 
regulatory genes unless otherwise specif led. As usedhereln, 
m gene" may refer to "polynucleotide", "oligonucleotide". 
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herein. g e„ e pro(iuct . ^ . polvnuoleotida . 

ollgo„ U cleotiae-. - nucleio aclQ . ^ • 
molecule', and,or protein-, -..oly^tlde-. -.u^t^ 

:„ t r pt " e "- whioha »^-e. byagene . Tho 9 Be p .: ^ 

in the art understand what . ge „ 6 product * 

cT" 6 ::; Ths ;-"«»- a„ d homology o^r: 

PASTA ( at™ ' ' ™ spared uel„ g 

FASTA ( sequence enaly*l„ g tool, with the default parameters 9 

Amino acids may be referred to herein by either their 

:z:r y knowi ~. ~ *y £ 0 „e ~ 

symbols recommended by the 1U pa C -i»b Biochemical 

Nomenclature Cohesion. Nucleotides. 

referred to by their evenly accepted ein g le-letter codes 

to a *. m " ,Mt * iBi the t8rm "^responding- g e„erefera 
to a gene .rn a g iven species, which has. or la anticipated 
to have, a.function elmilar to that of a predetermined „e 
a pluraH; 8 r ' " fSre "« for cc*™. When there are 
to e " en. 7 ° 9eDeS haV1 " 9 3U ° h « lotion, the 
to a g ene having the same evolutionary origin. Therefore 
a gene corresponding to a given gene may be an orthdog of 
the given gene, Therefore, a gene corresponding to a mou e 
kinase gene or theaike can be found inother animals (human, 
rat. Pig.,.ioattleii. and the like) «,,„>, ' 
can be :ldeh.tlf led bv t h ' ""osponding gene 

Therefore 7 technique well known 1„ the art. 

(e c h„ " se « uen oo database of the animal 

e'er"' ► usins tha se ~ ° f * 

(e.g.. amouse kinasegene. or the like) as a query sequence. 
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As used herein, the terms "fragment* and *part" are 
used interchangeably and each term, when referring to the 
entirety of a certain biological material (a full-length 
polypeptide, a full-length polynucleotide , a whole organ, 
5 a whole cell/ etc. ), refers to a part thereof. Therefore, 
the t erm * fragment " and " a part " with respect to a polypeptide 
or polynucleotide refer to a polypeptide or polynucleotide 
having a sequence length ranging from 1 to n-1 with respect 
to the full .length of the reference polypeptide or 

10 polynucleotide (of length n). The length of the fragment 
can be appropriately changed depending on the purpose. For 
example, in the case of polypeptides, the lower limit of 
the length of the fragment includes 3, 4, 5, 6, 7, 8, 9, 
10, 15, 20, 25, 30, 40, 50 or more nucleotides. Lengths 

15 represented by integers which are not herein specified (e.g. , 
11 and the like) may be appropriate as a lower limit. For 
example, In the case of polynucleotides, the lower limit 
of the length of the fragment includes 5, 6, 7, 8, 9, 10, 
15, 20, 25, 30, 40, 50, 75, 100 or more nucleotides. Lengths 

20 represented.by integers which are not herein specified (e.g. , 
11 and the like) may be appropriate as a lower limit. As 
used herein, the length of polypeptides or polynucleotides 
can be represented by the number of amino acids or nucleic 
acids, respectively. However , the above-described numbers 

25 are not absolute. The above- described numbers as the upper 
or lower limit are Intended to include' some greater or smaller 
numbers (e.g. , ±10%) , as long as the same function is 
maintained . Tor this purpose , "about " may be herein put ahead 
of the numbers . However, it should he understood that the 

30 interpretation of numbers is not affected by the presenae 
or absence of . "about" in the present specification. The 
length of a useful fragment may be determined depending on 
whether or not at least one function is maintained among 
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the functions of a full-length protein which is a reference 
of the fragment. A biological material to be injected in 
the present invention, such as a polypeptide, a 
polynucleotide, or the like, may be a fragment or a part 
thereof. ■ 

As used herein, the term "compound" refers to any 
identifiable chemical substance or molecule, including, but 
not limited to, a low molecular weight molecule, a peptide 
a protein, a sugar, a nucleotide, or a nucleic acid. Such 
a compound may be a naturally-occurring product or a synthetic 
product. A compound to be Injected in the present Invention 
may be any compound, preferably a compound which exhibits 
a biological activity and/or pharmaceutical effect when it 
is injected into organisms. 

As used herein, the term "complex molecule" refers 
to a molecule in which a plurality of molecules, such as 
Polypeptides, polynucleotides, lipids, sugars, small 
molecules, or the. like, are linked together . Examples of 
a complex molecule include, but, are not limited to 
glycolipids. glycopeptldes. and the like, a biological 
material to be injected m the present invention may be may 
be a complex molecule/ 

As used herein, the term -isolated" in relation to 
a biological element (e.g.. nucleic, acid, protein, or the 
like) mean*. that the biological element la substantially 
separated or purified from other biological elements In cells 
of a naturally-occurring organism (e. g. . i„ the CMa of 
nucleic acids, Elements other than - nucleic acids or nucleic 
acrds^avlng. nucleic acid sequences other than an intended 
nucleic acid: and in the case of proteins, elements other 
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than proteins or proteins having amino acid sequences other 
than an intended protein) ... The "isolated* nucleia acid and 
protein include nucleic .aoids and proteins purified by a 
standard purification method. The isolated nucleia acids 
5 and proteins, also include chemically synthesized nucleic 
acids and proteins. A biological material to be injected 
in the present invention may be isolated in this manner. 

As used herein, the term "purified" in relation to 
10 a biological element (e.g.., nucleic adds, proteins, and 
the like) means that at least a part of the naturally 
accompanying elements is removed f ronvthe biological element . 
Therefore /ordinarily, the purity of the biological element 
of a purified biological element is higher'than the biological 
15 element in a normal state (i.e. , concentrated) . A biological 
material to be injected in the present invention may be 
purified in this manner. 

As used herein, the terms "purified" and "isolated" 
20 mean that the same type of biological element is present 
at preferably at least 75% by weight , at more preferably 
at least 85% by weight, at even more preferably at least 
95% by weight, and at most preferably at least 98% by weight . 

25 Asusedhereln, the term "biological activity" refers 

to activity possessed by an element (e.g. , a polynucleotide, 
a protein, etc.) within an organism, including activities 
exhibiting various functions (e.g., transcription promoting 
activity, proliferation activity, cell division activity, 

30 etc.); For example, when two, elements interact with each 
other, the biological activity includes binding of the two 
. molecules and a- biological change due to the binding. For 
example , when one moleaule is precipitated using antibodies , 
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another molecule may also precipitate. In this case, it is 
determined that the two molecules are bound together. 
Therefore, observation of such coprecipitation provides a 
determination method, for example. Specifically, for 
5 example, when a certain faator is an enzyme, the biological 
activity thereof includes its enzyme activity. In another 
example, when a certain faator is a ligand, the biological 
activity thereof includes the binding to a receptor 
corresponding to the ligahd. The above -described 
10 , biological activity aan be measured by techniques well-known 
in the art. 

As used herein, the term "maintain biological 
activity* in, relation to a biological material, means that 

15 at least one type of biological activity as defined above 
of the biological material is maintained at at least about 
50% compared to* the biological activity when the biological 
material was prepared. The value of a desired biological 
activity is based on values determined by a commonly used 

20 assay. Therefore, in the case of a polynucleotide to be 
expressed, the expression frequency of the polynucleotide 
is used as an index, or in the case of a cell to be injected, 
the proliferation activity of the cell is used as an index. 
v In the case of a polypeptide, the activity (e.g., enzyme 

25 activity) of the polypeptide is used as an index. The 
above -described biological activity can be measured by 
techniques well-known in the art. Based on the measured 
values, the maintenance of the biological activity may be 
determined. 

30/ • ; ■-. • • 

■ * ; ■ (General Techniques in Biochemistry, Molecular 
Biology, and Cell Biology) 

Molecular . biological techniques, biochemical 
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techniques , microorganism techniques, and cellular 
biological techniques as used herein are well known in the 
art and commonly used, and are described in, for example, 
Sambrook J. et al. (1989), Molecular Cloning: A Laboratory 
5 Manual, Cold Spring Harbor and its 3rd Ed. (2001); Ausubei, 
F.M. (1987), Current Protocols in Molecular Biology, Greene 
Pub . Associates and Wiley-Interscience; Ausubei, F.M. (1989) , 
Short Protoaols in Molecular Biology: A Compendium of Methods 
from Current Protocols in Molecular Biology, Greene Pub. 

10 Associates and Wiley- Intersoience; Innie, M.A. (1990), PCR 
Protoaols ! A Guide to Methods and Applications, Aaademio 
Press; Ausubei, F.M. (1992), Short Protocols in Molecular 
Biology: A Compendium of Methods from Current Protocols in 
Moleaular Biology , Greene Pub. Assodiates; Ausubei, F.M. 

15 (1995), Short Protocols in Molecular Biology: A Compendium 
of Methods from Current Protocols in Moleaular Biology, 
Greene Pub. Associates; Innls, M.A. et ai. (1995), PCR 
Strategies, Academic Press; Ausubei, F.M. (1999), Short 
Protocols in Molecular Biology: A Compendium of Methods from 

20 Current Protocols in Molecular Biology, Wiley, and annual 
updates; Sninsky, J.J. et al. (1999), PCR Applications: 
Protoaols. for Funatlonal Genomics,- Academic Press; Hogan, 
B* et al. , Manipulating the mouse embryo, a laboratory manual, 
2nd ed. , Cold Spring Harbor Press, New York, 1994; Gosden, 

25 R.G . , Fetal Transplants in Medicine (Edward, R.G. ed* ) , 
Cambridge Univ. Press, 1992; Special issue, Jikken Igaku 
[Experimental Medicine] "Idenshi Donyu & Hatsugen Kaiseki 
Jikkenho [Experimental Methods for Gene Introduction & 
Expression Analysis] " , Yodb-sha. 1997; Norio Nakatsu ji ed. , 

30 Kansaibo • Kuron Kenkyu Purotokoru [Protocols for Stem aell 
and Clone ResearGh, Yodo-sha (2001) , and the like. Relevant 
portions, (or possibly the entirety) of each of these 
publications arie herein incorporated by reference. 
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DMA synthesis technique. a „d nucleic aold oh6mistry 
for preparing a ru £ i Clally ayntha0 ^ ea ganas m 

Synthesle.APreotioelApproeoh. IRl 4 _ „ 

L.:r„ ; tid ; synthe8ia ■ * „ l. • 

rrsolcelA (1 ' 91) ' «— «- end Anslogues, a 
Pr a ctlc a i Approac. IRL Press, Adems. R. t . et al . „,„. 

The Biochemistry of the Nuolelc Acida _ 

Nucleic Acids. Keinheim.- Black „ urn , fl . M . , t ^ £ 
Nuclei e Acias ln , chomistry an , BlQlogy ^ j » • 

^ G - T - (1SS6 '- ^-lugete Technics 

Academic Press; and the nv« 4. ^ y ' 

herei n ' ' related Potions of which are 

herein incorporated by reference. 

Co m . 0 .^ . Ad.lnlstration and 

Composition) f 

TK<> PraSMt i " van "»» Provides a TOlhod £or 

» h ?r Va 4minlSterl " 9abloi °9ic a l ma teri a lto asUDjeot 
The blologidel materlal can be mlxe4 to a O0 „, posltlon 3 H 

composition m a y, b e a therepeutic composition. . treetment 
composition, . prophyleotlc composition, or the ii k e In 
a pref erred-espeot . a compound mey be eubstentlelly purified 
limit " ! ^ BUbS ta " tlally £r9a f ™" a *ic h 

AS used herein, the terms "dlegnostioally effective 
"mount- . -p hylao , loally * 

in dlegnesisv-prophyrexls. treatment .(or therepy,. and 



"0- 4334 P. 



35 - CD004 



rz ;,M wiy - rhe ° e amounts -» be 

the art , ^ "** U ' ln9 » i» 

be l T' " dl9eMe ° 0ndltl0n - -teri,! to 

be administered, a medium for , ololo ,, iC(li 

aculturemedlum.abuffer. etc.,. an injecting device, etc i .' 

a ■c.rrfi.'V'"* h6Cein ' term 1» relation to 

a cardiac function means that when a cell is administered 

of the Sm a coronary artery, with a method 

cf the present invention, the following phenomenon occurs 
by SweeKs after plantation (preferably, by 2 weexs af ter 
implantation,, for example: an increase in the density of 
blood capillary in an Implanted, region by a factor of at 
cicatrix r 1SaSt " * " » transmural 

tie , - increase in the thlcKness of a 

ran.mural cicatrix by at least 5%, preferably at least 10 «. 
15. 20*. or 25%,a decrease in left ventricle volume/weight 

20 25* " iSaSt m ° re P " ferabl * '« lS 

the d" ; " ^ *— ~ * «- italic pressure or 

the diastolic pressure by at leach « „ 
i "Y at least 5*, more preferably at 

n a r 5 : r is%; or ; 

« least 5*. preferably at least 10*. 15*. 20%. or 251. 

invent ^ adaiti ° n to <>««t. the effect of the present 
invention can-be assessed for ether targets to be treated 

art depeCl 6 " ±nVenti ° n ^ Crlt9rla ~ 11 *° ^ 

heart I I "/ T ~= ° f "rgets other than 

liver ln ° 1 " ae ;' bUtat **« ^"ed to. cranial nerve, lung, 
liver, foot, leg, end bedsores. Examples of a publication 
to be referenced. so as to eelect an assessment criterion 
include but are aot -limited to. etahd 4 rd-ileterature such 
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Speolfloaiiy. the easement i. performe<J a „ ^.J"*' 

t h e f oi ioXTi» t : f h bone marrow ceiis ™ y - *• 

uioer,nec W ia. ^Z^^ " " 

and amputation ie expected In the future. BPll8dth °" t0 - 

For example, Mateubara et ai < 
project team for -j-tac* t Inaugurated a 

for patient with ischemic heart „*■ , cells 

out thr;;;:r;r;/; s T::::r:- ™ 

diabetes- 3 „i, h „ , Patients (8 complicated with 

can. delated. JTT^T JTZZT: ' 
xtremxty. ... As . reauit, the Mood pressure ratio of 
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the upper arm and the lower Avfv™^ , 

Pressure lode*, waB 3i J lfi r a " 7 "* U """"^ 

transplantation ( Figura a£t « « day from 

« Patients had an Increase in Lx ^7, " ' ' 

category ■ lmproved . daf ^""^ "j 1 « «*• ' *">tol 
Pain at rant l „ tk " n ° d by s °°iaty for Vascular Surgery, 
at rest in the ischemic lower svtr«. t .. 

extinguished in XO of the U patients pTuf 

■■ la uas *» m2 .„ «Jto?.3 jTe r m 

10 of 2.5 or more P]»m, ' by a £ac 'or 

increase k^^^^SST* ^ ' 

30 .OX. loantly Increased from 28. 5°c to 

15 

Inflammation and rubor were n,,* 
transplants locations. Blo ^ V ^ 

concentrations., the/number of leucocytes' " T'tH ^ 
of Platelets were not changed. 

=ontroi rxt ir ; B r P r„as? ndomi2ea douw — 

.one marrow transplanted ' ^ " ^ T " ^ 

difference compared to abpt o o« ' . «°"«ioant 
» Wood mononuclear cell gl p . , ? ^ 

considered 0 ^ - " results, it t . 

ischemic::: tr e~r °: ~°r oaiis int ° 

30 vascularization therapy, ^ effeot ^e 

Fontaine. Classification- th« 
arteriosclerosis oh! . t- severity of 

lerosis obliterans is divided into stages I to IV, 
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depending on the symptom. 

Stage I, The lowest grade -Phi i i ^ 
appear In limbs. and nu ">bness- 

Pain tafces pxlce in L l6 " alk0 " ° ertal ° 

.alking. The muscle of the J. 7 " oan """"a 

? up„ n Bslklng « s : 8 :;Hr a ; t e r r er , aBount 

« Present in the blood vessel of , arta «oeclerosle 

of blood cennot be transferrin ♦ ' < ' U " iola " « 
oxygen end c^ 1. turn- 

distance depends on th. V continuous w« lklng 

200-300 m. ,. If tne , ' „ y the " alkl "9 ^stance is 

Stance is about 50^ "» 

Stage Itl! "Pain at rest- p„„„ „ 
" rest. p aln oooure ±n o™"""- a Patient stays 

4 ne -UrobB due to IaoV v,i 

In peripheral tissues Pain m „ v f blood flow 

«s. Fain may prevent sleep. 

Stage IV: The highest staa«. in 
Place in sites having ^ f ^ ^ ^ ^ 

The disease may woreeh to such-an extend' , k " ' 
of muscle, or the liv- „ ° tMt that "ones, tendons 
tne ulto ">ay be exposed. 

a retio of the blood pressor. „, . ° 3 ° ° ased on 

o f a hand. Th e b^~^*^ 

-s ^er than the biodd '^^T^^ 
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r i, r - rosie is present in • bi «° a 0* . foot. 

the tt-iwp,, of tna foot is l0 „ ered I£ 

about .... intermittent claudication (stage II, is lately 
to oocu*. If ebout 0 . 6 . patn , t re „ t (3tage * 

tooccur. H abouto.4. ulcerornecrosis (stagetv, iellHeJ 
to occur. J 

The w Therm ° 9raPhy : A te8t .ensuring skin temperature . 

^ ^ abS6nCe ° f or sites 

i™pal^ nt , re ^ vealed:by tein .^ ture variations. 

taenia targeted by the present invention include 
««y organism an long aa it can be used for the purpose of 
™»«tionofahlo 1 ogioa ij „atarial,e.g..ani 1 nal s( e.g 
IT'TT- lnVe " ekr "«»- Preferably, the ani.nl is a 

ZlltlZ, <6 - 3 - My " n «— Petrony.onifom.ea. 
Chondrlohthye,. Ost.lchthyae, amphibian, reptilian, avian 
.a^alten. .etc.,. .ore. preferably mmmUn (e . g 

ZZl^'Z^ — —tare. onlroptera. 
artio„„ ! , lnS<,Ctlvore - P^boacldea. perlsaodaotyla. 
aruoaaotyla. tubuildentata. pholidbta. slrenla. oatacean 

axal la9 °"°^- .■««•>■■ Illustrative 
™ cattY Ub3eCtin ° 1Ude - ^tarenotll„ltedto. animals. 

Jal: I P™f«ably. Plates (e.g.. chimpanzee. 

Japanese oonKoy. human, etc., are used. Koet preferably 
a human is lis^fl iy ' 



a human is used 



nf , ' : ' When ^ 11 ' a n ^leic aeld molecule or polypeptide 
of the present invention is uaW as . a medicament the 

- Phar.aoeutLl -; 
-culture medium in the case of 
a cell,. Any pharmaceutical^ aoceptabl carrier known in 
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the art may b used In the medicament of the present invention . 

eccentebf " aWe * 0r,nUlati °" ""erlele or pharmaceutical!, 
acceptable agents include, but are not limited to 

~' colors. t £Z and 

vehicles h T bulki "S agents, buffers, delivery 

Iatv.\ ' eXoi - lB "» o^/or pharmaceutical 

adjuvants. Representatively, a medicament of the present 
1» inve„tion,may 4 be,adminlstered in the form of 
~^co^^^ 

r a diluent. For example, a suitable vehicle may be water 
for inaction . physiological saline solution, or artificial 
15 cerebrospinal fluid artificial 
materials ' " * SUPPlemente « with other 

* rials COmmon ln compo si ti on8 for p arentArfll 
administration. Parenteral 

Acceptable carriers Avr -i «. 

preferably inertet the dosages and concentrate employed 
and preferably inolude buf f ers such as phosphate citrate 
or other organic acids; ascorbic acid „ * J C " r " e - 
molecularweigbt ^e^ ^^T'T^: ^ 

25 s r in - or Uophi c'po™ e T' 

Polyvinylpyrrolidone); amino acids ,e a , . " 

Slutamine. asparagine 7 ' 9l r° ina - 

. . disacch^aJ- w^ ^^ : "? 1J ' 1 " e0rl:5r ' ,lne, --'"»''«««harid.s. 

30 alcohol Te* ctel =«ng agents (e.g.. EDTA) ; sugar 

coulterl 6he , '' ' ' - -"-forming 

(e g rween T'' ° 0,mim,: ^ surfactants 
„ (e.g. , Twsen, piuronlcs or polyethylene glycol ,P EG) , 
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Neutral buffered saline or saline mixed with aerum 
albumin are exemplary appropriate carriers. Preferably, 
the product is formulated as alyophilizate using appropriate 
excipients (e. g., sucrose). Other standard 

pharmaoeutically acceptable carriers, diluents, and 
excipients may be included as desired. Other exemplary 
compositions comprise Tris buffer of about pH 7. 0-6. 5 , or 
acetate buffer of about pH 4 . 0 - 5 . 5 , which may further include 
sorbitol or a suitable substitute therefor. 

- Hereinafter; commonly used preparation methods of 
the. medicament of the present invention will be described. 
Note that animal drug compositions , quasi-druge, marine drug 
compositions, food compositions, cosmetic compositions, and 
the like are prepared using known preparation methods. 

The cell, polypeptide, polynucleotide and the like 
of the present invention can be optionally mixed with a 
pharmaoeutically acceptable carrier and can be parenterally 
administered as liquid formulations (e.g., injections, 
suspensions, solutions , spray agents, etc. ) . Examples of 
pharmaceutically acceptable carriers include excipients, 
lubricants; binders, dislntegrants, disintegration 
inhibitors, absorption promoters, adsorbers, moisturizing 
agents, solvents, solubili2ing agents, suspending agents, 
isotonic agents,, buffers, soothing agents and the like. 
Additives for -formulations, such as antiseptics, 
antioxidants, colorants, sweeteners,' and the like can be 
optionally -used/ The com^osition of the present invention 
can hie mixed With substances other than cells, 
polynucleotides / polypeptides , and the like . 

•Examples of excipients include glucose, lactose. 
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not lin,i?H leS * ab »-P"°" Promoter, Include, but ere 

^r:;rrr nary — ~ w 

Ex«mploe of eteblllzere include, but ere not limited 
to. human aerum albumin. Uoto... end the like. 

Preferable examples of «r>iv«^ 
f ovulations include inH °* SOlVents in liquid 

include injection solutions *i^„v, i 
™ene 3 l y col. meoro 9 ol. eeeame oi ,. 

*>. etnan °l< tnsaminomethane, cholesterol 

trlethenolamlne, ^ carbonate, eodlum citrate, and^ 

rormui a ti:r abi6 ~° of t 9 ~ - ^ 

■, mciude surfactants fa „ 

b«n, 4-u "« lecithin. benzalkonium chloride 

benzethonlum chloride, glycerin m™. «. cnioride, 

1ST' ->°™*celluloee .odium, 
hydroxyetbylceliuloee ^^ethylcelluloee. 
^oxypropylcellulce;,,^.,,^;^^::^ 0611111086 - 



1 
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Preferable examples of isotonic agents in liquid 
glycenn, D-mannltol, and the like. 

5 

Preferable examples of buffers ±n ' 
= tion s include, but are not lifted to, phospha " 
acetate, carbonate, citrate, and the like. 

„ , Preferable samples of soothing agents in liquid 
^tions include, but are not limited to , benzyl alcohol 
benzalkonlumchlorlde,procalnehydro,hlorlde, andtheliL 

_ Preferable examples of antiseptics in liquid 

p~ tl0n : lnClUde ' m ^ to 

Parahydroxybenzoate esters, chlorobutanol, benzyl alcohol 

-Phenylethylaicohol, dehydroacetio acid, sorblc acid, ani 



20 



25 



30 



formm ,! hen 3 Cel1 iS Prepared ae * formulation, the 
formulation may be supplemented with a pharmaceutical agent 

* cytokine, a vitamin, etc. ). 

for™,, ► ■" £Srable e ***Pl°* of antioxidants In Xiqul(i 
lobulations incluae. Dut are not ll mlt a d to. auifL 
aacorblc acfc, ^tocopherol, cysteine, an. Uk e. 

filtration , * S?entS a " """ ie a «P"° by 

flltratron using a bacteria-retaining fi iter or the Uke y 
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mixing with a bactericide or, irradiation, or the like. 
Following this treatment, these agents may be made solid 
by lyophilizatlon or the like. Immediately before use, 
sterile water or sterile injection diluent (lidocaine 
5 hydrochloride aqueous solution, physiological saline, 
glucose* aqueous solution, ethahol or a mixture solution 
thereof, etc.) may be added. 

The medicament composition of the present invention 
10 may further comprise a colorant, a preservative, an aroma 
chemical, a flavor, a sweetener, or other drugs. 

In another embodiment of the present invention, 
injection maybe carried out intravenously or subcutaneoualy . 

15 When systamlcally administered, a medicament for use in the 
present invention may be in the form of a pyrogen -free, 
pharmaceutically acceptable aqueous- solution. The 
preparation of suah pharmaceutically acceptable 
compositions, with due regard to pH, isotonicity, stability 

20 and the like, is within the skill of the art. 

3 * 

Administration methods may be herein any parenteral 
administration (e.g., intravenous, intramuscular, 
subcutaneous, intradermal; mucosal , intrarectal, vaginal, 
25 topical to an affected site, to. the skin, etc.), A 
. prescription for such administration may be provided in any 
formulation form. Such a formulation form includes liquid 
formulations, injections, sustained- released preparations, 
and the like. 

30 

In the. present invention, examples of parenteral 
routes of ■'administration include, but are not limited to, 
intra-cbronary arterial injection, intravenous injection. 
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intraarterial injection. Intraperitoneal Injection 
subcutaneous injection. intramuscular in j ectio „; 

U traTl^' int "- reCtal - mtra-vaglnal. transdermal. 
Intra-brlliary. intra-pencreatlc duct, and the like 
Preferably, Intra-ooronary arterial injection may be 
selected. Y 

The medicament of the present Invention may be 
prepared for storage by mixing a sugar ohaln composition 
bavin, tba deslred: of 

bysioiogically acceptable carriers, exclplents. « 
stabrlirere (Japanese Pharmacopeia ver. u. or e supplement 
thereto or the latest version, Remington's Pharmaceutical 
Sciences, 18th Edition. A. R. Gennaro. ed„ Mack Publishing 
Company, 1990; and the nw.1 * 

cake or „™ 6 f0rm ° f ^PhiUzed 

caxe or aqueous solutions . 

Varlousknown delivery systemsmay be employed <e. g 
liposomes mlcropartlcie,. microcapsules. etc , [ 
Plolcgroal. materials may be administered by any convenient 
I ' "" lnfu "°" « bolus injection, , and may be 

adminlsteredtogetherwlthotherblologlcallyactlveagents 
Administration can.be systemic or local. m addition 
blologxcal materials can be introduced Into the central 
nervous system by any suitable route (including 
intraventricular. and. Intrathecal i„ 3ec ti 
intraventricular Injection may be facilitated by an 

intraventricular .oathat«r , 

atnetor ' for sample, . attached to a 

reservoir, 8 uch as an Ommaya reservoir). when 
administration into a coronary artery is d Lired a 
illustrative system. o f the present- invention as shown In 
to a n C ; n ; be emi?l0 ^^ Which a NiTi needle is connected 
to a polyimide tube (preferably, coated with PTFE ) . 
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In a specific embodiment, it may be desirable to 
administer a biological material, such as a cell a 
polypeptide, a polynucleotide or the like, or a composition 
thereof locally to the area in need of treatment (e.g.. the 
heart, a coronary artery, etc.); this may be achieved by 
for example, and not by way of limitation, local infusion 
during surgery, topical application (e.g., in conjunction 
with a wound dressing after surgery) , by injection, by means 
of a catheter, by means of a suppository, or by means of 
an implant (the implant being of a porous, non-porous, or 
gelatinous material, including membranes , such as slalastic 

membranes, or fibers). Preferably, when administering a 

protein, including an antibody, of the present invention. 

care must be taken to use materials to which the protein 

does not absorb . 

in another embodiment, a biological material, such 
as a cell, a polypeptide, a polynucleotide, a compound or 
the like, or a composition thereof can be delivered in a 
vesicle, m particular a liposome (see Langer. Science 249: 
1527-1533 (1990); Treat et al.. Liposomes m the Therapy 
of inf ectious Disease and cancer, Lopez -Berestein and Fidler 
(eds.). Liss, New York. pp. 353-365 (1989); and 
Lopez.Berestein, supra, pp. 317-327). 

In yetanother embodiment, a biological material 
such as a cell. a. polypeptide, a polynucleotide, a compound 
or the like, or a composition thereof can be delivered In 
a controlled release system, in one embodiment, polymeric 
materials can be used ( see Medical Applications of Controlled 
Release. Langer and Wise (eds ., , CRe Pres., Boca Raton. 
Florida (1974);. Controlled Drug Bioavailability. Drug 
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Product Design and Performance, Smolen and Ball (eds. ) , Wiley, 
New York (1984); Ranger and Peppas, J,, Macromol. Sol. Rev, 
Maoromol. Chem. 23: 61 (1983); see also Levy etal., Science 
228: 190 (1985) ; During et al., Ann, Neurol- 25 x 351 (1989); 
Howard et al. -, J. Neuroeurg, 71: 105 (1989); Goodson. Medical 
Applications of Controlled Release, (Vol II , Chpt. 6. Boca 
Raton, Fla.i CRC Press, 1984.), Vol. 2, pp. 115-138 (1984); 
and Langer, Science 249: 1527-1533 ( 1990) ) . 

Theamount of a cell, a polypeptide, a polynucleotide, 
or a compound used in the method of the present invention 
can be easily determined by those skilled in the art with 
reference to the purpose of use, a target disease (type, 
severity, and the like), the patient's age, weight, sex, 
and case history, the form or type of the cell, and the like. 
The frequency of the method of the present invention applied 
to a subject (or patient) is also determined by those skilled 
in the art with respect to the purpose of use, target disease 
(type, severity, and the like), the patient's age, weight, 
sex, and case: history, the progression of the therapy, and 
the like. Examples of the frequency include once per day 
to several months (e,g, , once per week to once per month). 
.Preferably, administration is performed once per week to 
month with reference to the progression. 

As used herein, the dose of a- biological material, 
such as a polypeptide, a polynucleotide or the like, varies 
depending on the subject's age, weight and condition or an 
administration method, or the like, including, but not 
limited to, ordinarily 0.01 mg to 10= g per day for an adult, 
preferably 0 J 01 mgtolOO mg, 0.1 mg to 100 mg, 1 mgtolOO mg, 
0,1 mg to lOmg, and the like. The present invention is not 
so limited. 
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In the present Invention . whan acell la administered 
the amount of the cell to he administered varies depending 
on the cell type, the purpose of treatment, a subject aoe 

be. bu not particularly lifted to. about lxl0 > cells to 
.bou l 10 . saUs ^ is to 

10 cells to about Ixlo' cells, and the like. Therefore 
the amount administered one time may he between, for example 
about Ixio 1 cells, to 1x10- cells. «"»Ple. 

As used herein, the terms -administer- or "inlect- 
are used interchangeably and each means that the biological 

■ £ the ^ e3 °nt invention or a 
Pharmaceutical composition containing it is incorporated 
into cells or tissues of organisms either alone or in 
combl„a tl on with other therapeutic agents. Combinations 
■wy be administered either concomitantly (e.g. 
admixture,, separately but simultaneously or l„curre n tly 

combl 9U6 ; tially - ™ 3 lnClUd8S —stations in which the 
combined agents are administered together as a therapeutic 
mixture and also procedures in which the combined agents 
are administered separately but simultaneously ,e.g as 
thrcughseparateintravenous lines Into the same Individual 
a«l n r ^ adninlSt ""- '""her includes the 
administrations one of the compounds or agents given first 
followed by the second. entirst. 

m.t„ U3 °" 66rein ' the term '*»t™ctloo.- describe a 

r the like of the present invention for persons who 
administer, or are administered, the medicament or the like 
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or persona who dlaqnose or xr-* 

^'-t lM ;T™ r w " rd8wibi "» *■»* the 

^^^nsrr and are typicaiiy 

and may „„ provided ln f " Bt o r f U ° l0na a " not *» ""Ited 

. sues, eiectronio ma n 8 T„a £ "T^ ~ U * 

Internet), hS 111<a Provided on the 

a standard clinic.Tr" , by ' r<ssult « 

M. W or 

characteristic to a di.. ln ° tl0n 0f a finical symptom 
<«•»■ - gene therapy i "! 7 *" tat «** 

therapy, oeii iTlTtet * """"^ "deration 

""Plantation therapy, or the XiXe).. 

defined by a government agency which r! ,' " * f °™ 

use or sale of pharmaceutic '** 0l> " sratat « *•>• Production . 

«T he aroitrariHuct, t Pr ° dUC " ^ bi ° 1 ° 91 <» 1 

the approvai of the a ' ° OTt » ln «. representing 

" ,l<wal °t-«ie government e . „ 3 

°" ° r <»^ »«h respect to ^ " h 

k " on inJectinTdeyi/e ^ 
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Toxicity studies may be carried out by measuring an 
influence of .the administration of, a composition. For. 
example, .a toxicity study may be carried out in the following 
5 appropriate animal model: (1) a compound is administered 
into mice (an untreated control mouse should also be used) ; 
(2) a blood. sample is periodically obtained from a mouse 
in each treatment group via the tail vein; and (3) the sample 
is analyzed for the numbers of erythrocytes and leukocytes , 
10 the blood .cell composition, and the ratio of lymphocytes 
and polymorphonuclear cells. Comparison of the result of 
each drug regimen with the control shows whether or not 
toxicity is present. 

IS At.. the end of each toxicity study, a further study 

may be carried, out by sacrificing the animal (preferably, 
in accordance with American Veterinary Medical Association 
guidelines Report of the American Veterinary Medical Assoc. 
Panel on Euthanasia, (1993) J. Am. Vet. Med. Assoc. 202: 

20 229-249). : Thereafter, a representative animal from each 
treatment group may be tested by viewing the whole body for 
direct evidence of transitions, abnormal diseases or toxicity. 
A global abnormality in tissue is described and the tissue 
is hisotologioally tested. A compound causing a reduction • 

25 in weight or a reduction in blood components is not preferable 
as are compounds having an adverse action in major organs. 
In general, the- greater the adverse action, the lees 
preferable the s compound*, 

30 (-Gene Therapy) : 

/In. a specific embodiment, the present invention is 
useful for administration of a nucleic acid for use in gene 
therapy. Gene therapy refers to- therapy performed by the 
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nucleic aclde produ ^ ' C °* «- 



Any of the method for gene therapy available < „ 

ertcenbeusedeccoroingtothepreeentlnventrn p 
methods are described below " rop-Lary 

wua„dwu^othertV3 r/;: 1 , ^r oyi2 ' 4S9 - 505 < i9 "" 
— -icoi p ^ e ™ 9 ;r^r v - *r 

260: 926-932 M4611 . * A9 .W). Mulligan. Science 

<"»,. Methods Z lZL7i:Z7JV 5U 155 - 215 

DNA technology „ hloh can he used T„ ten. 1 

in Auaubel et el fed, , ' " te *"<="°ed 

Biology, dohn W11 ey / S Pr0t ° C ° l8 ln Moi ™ 

Trans";an^re s IoV:T'b NY <MWt ' 

NY (1990) . ALaboratoryManual. Stockton Press . 

(Injector) 

As used herein, the term -Injector- refers to . 
for lnjectingablologioalmaterial 1 n f 8 
but not lifted to a ™! " to01?9anl8m9 ' ln <^ng. 
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a biologic,! material into organlMS . As a Mt t 

in lu noe ^ ° " matSrial " MOh a °° 8 «* -~ « °*-rse 
influeno a on an organic subjected to.injectlon. or a solid 
meterlal.coated with a meteriel which does not have an adverse 
influence on an organism subjected to potion " 
Illustrated. Therefore, examples of such an Injector 
material include, but ere not l in,,,- injector 
of t „„, limited to . anymaterial capable 

of forming . solid surface . such as . ,l a3 s .silica . silicone 
Poly etrafluoroethylene . ceramics. 

Piastres, metals (including alloys J. netural and synthetic 

ano'nllon, ' P0lyetyrOT6 ' ohitosan. de«ren. 

and nylon), sugars, proteins, lipids, and the llKe Thl 
in actor may no forbad of a plurality of dif f aront trials 
The biocompatibllity of the iojeotor can bo confined bv 
investigating. a rejection reaction with for , 

method, etc.,. immunological quantitation ( e g !„ 
e = lc antibody method, a fluorescent antibody .e^hod 
immunohrstologlcal study, etc.). Alternatively 1 
injector, for u'» *-u '■"ai.iveiy, an 

Present invention may contain a 
component. which can become a cart of • ' 

of ,„nh c P f an or 9«nJ-sm. Examples 

of such a component include, but are not limited to silicone 
~c 3 . proteins, lipids. nucleic adds sul 
(carbohydrates, and complexes thereof Any Ce'ct T" 
maintains a flow rate within , injector that 

used in the ^ ^ 0 Pre4eterm ^ed range can be 

usee in the present invention, since the effect o-p <-k 
invention can be achieved by such an in ecror 17T 
Of the present invention , is. in the shape of a sy« I 

of the .body of the injector having* shape is typically 
about 1 mm to about 30 mm. Note th,t , r * Wlcally 
th a t rhi mm- note, that It was demonstrated 
that the effect. of the present Invention (e.g.. maintenance 
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of the survival rate of cells , etc.) can be achieved by 
controlling only the flow rate irrespective of the inner 
diameter 9f the body of the injector. The inner diameter 
of the. body of an injector may be advantageously, but is 
5 not limited to, about 3 mm (e.g., about a 0.5 -ml syringe) 
to about 13 mm (e.g., about a 5.0 ml syringe) in terms of 
handling of the injector. An inner diameter of a tip tube 
of the injector is not particularly limited, and may be 
preferably about 0.1 mm to about 10 mm, more preferably about 

10 0.25 mm to 0.5 mm. Note that it was demonstrated that the 
effect of the present invention (e.g., maintenance of the 
survival rate of ceils , etc . ) can be achieved by controlling 
only the flow rate irrespective of the inner diameter of: 
the tip tube of the injector. A material of the injector 

15 and the tip tube may be preferably, but is not limited to, 
PTFE. 

As used. herein, the term "tip tube* in relation to 
an injector refers to a means for injecting a liquid for 

20 injection within the body of the injector, which can be 
connected to a tip of the body and can be connected to a 
subject into which the liquid is to be injected. Examples 
of a tip tube include, but are not limited to, needle catheters , 
tubes , arid the like . A tip tube typically constitutes a part 

25 of an injector. 

As used herein, the term "body" in relation to an 
injector refers to a main part of the injector capable of 
retaining a liquid drug • An example of such a body includes , 
30 but is not limited to. a syringe body, and the like. 
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15 



20 



25 



30 



B u PPort ^rr^^r "° oate,i ' in - • 
* „ ith ano ;r r e r w r«c c h ths 

be coated withamaterial which ca^l,T a aup!>ort «" 

A support may be coated , * Mint «™«««„ the support. 

r „ pot, on ta : z:t;™:^: tb :r°r 

" a •»» • c 0ating „ ateriai oa „ ° °- 9 -; £he air >- 

«her to a certain degree th. "'"act with each 

. to the extent that the . SUPPO " may not be <*»ted 

«- <* 9 ree °f the ooetino i ""^ «" ° Ut ^- 

he ad 3uat ed ^rtl^Z^ ^ ****** »d can 

techn iq ue in th. "t A ^ ' " a 

deacrlbedin fore,^, . eXa " ,PlatY COatln 9 technique la 

-unahi ^^r^rrj^TT 81 * 1 "^ 
Zi":: a ^dr " voi ° oity " " fa " * « 

otherwiaa specild T th ' ' U " la " 

i-nportancaofmaintainino. T inven tion. the 

«d the e«ect ^T^ t *~* 1 °" > " t '»*-«*i 

" win be understood that th.t , X ' Th8refo ". 

by linear velocity if Dart , ^ 
^^^T^^^ — the 

' " ASus e*herein, an •acceleration" i,- r 

° acceleration unless otherwT r " W *' anted ^ 

unless otherwise specified. The 
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relationship between a velocitv an* 

described in detail in «. acceleration i 8 

which may be connected to^n^n ureters toameans 

the injection ve ^ and, is >"««ored 3 uetl„ 9 

or the l lka of Z ZZr ZT™^ " * 
system of th- ln;ieotor - *» Injector preferable for a 

acoelerate, withi r a o" rt t bl0l ° 9±Ml ™y be 

ai.ea witnm a predetermined acceleration >- 

~mbi„etion of technics a TT T ' 

adjustment can be achieved by a device incl 7, ™ 
limited to. amicromjector aoerlJtatV ln0l,Idln9 - but 
«ell-*no„n technics as described 1 ^ Mdth *"'«- 
*± "ample. s^.^J^^^ 

1 ' ■ »— «<calKo g a ku (Biomechanics, Ta,™ T~ 
Shokabo, 1992 Th« ah * iaJcayuklMxwa. editor, 

automatic control tt ' T automatically. with 

or the PreLt ttventl " *"» 

... . lnV *"lon. or. other. controllable devices. 



• •Mil imu i v l/OOI'.fl 



NO. 4334 P. 62/121 



CD004 

- 56 - 

(Description of the Preferred Embodiments) 
Hereinafter, preferred embodiments of the present 
invention will be described. The following embodiments are 
provided for a better understanding of the present invention 
5 and the scope of the/present Invention should not be limited 
to the following description . It will be clearly appreciated 
by those skilled in the art that variations and modifications 
can be made without departing from the saope of the present 
invention with reference to the specification. 

10 

According to one aspect of the present invention, 
the present invention provides a method for injecting a liquid 
drug containing a biological material . The method 
comprises: A) injecting the liquid drug containing the 

15 biological material into an organism of interest while 
accelerating the liquid drug at a predetermined range of 
acceleration; arid B) after a velocity of the liquid drug 
reaches a predetermined range of velocity, continuing the 
injection of the liquid drug containing the biological 

20 material while maintaining the velocity within the ; 
predetermined range of velocity. 

Any .material may be available for the biological 
material as long as it has compatibility to the organism, 

25 since an object of the present invention is to administer 
a liquid drug to organisms . Preferably , the biological 
material may be advantageously one having a medical effect 
(e.g., a therapeutic effect, a prophylactic effect, a 
prognostic effect veto. ) . In one embodiment, the biological 

30 material may contain at least one selected from the group 
consisting of cells, polypeptides, and polynucleotides. 
Particularly, . in conventional methods for injecting cells 
into organisms, there are problems with, the survivability 
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of the cells and precious cell resources, such as stem cells 
or the like, cannot be effectively utilized. In the present 
Invention, cells can be injected into organisms without 
impairing the survivability of the cells. Therefore, this 
5 advantageous effeat cannot be achieved by conventional 
techniques-"" The effect of an inarease in the effectiveness 
of injection into organisms can be obtained by the present 
invention for other biological materials (e.g. , polypeptides, 
polynucleotides, and other drugs). Thus, the present 
10 invention is useful for general biological materials. 

In the present invention, the acceleration is 
preferably in a range in which the biological material is 
not damaged and the injection time is not significantly 

15 elongated. The upper limit of the acceleration which does 
not damage the biological material may be, for example, 
30 mm/sec 2 , _• preferably 20 mm/sec 2 / more preferably 
15 mm/sec 2 , and most preferably 10 mm/sec 2 . The upper limit 
value may vary depending on the biological material to be 

20 injected, and can be determined by those skilled in the art 
if required . The lower limit value may be determined by those 
skilled in the art if required. The lower limit value may 
be, for example, about 0.1 mm/sec 2 , preferably 0. 5 mm/sec 2 , 
more preferably 1 mm/sec 2 , and even more preferably 5 mm/sec 2 . 
. 25 Therefore, a preferable predetermined range of acceleration 
may be any combination of lower limit values and upper limit 
values as described above . An exemplary predetermined range 
of acceleration may be 1 to 15 mm/ sec 2 . 

30 In the present invention, the velocity may be 

preferably within a predetermined range . Particularly, the 
upper limit of the velocity is a level at which a biological 
material, such as a cell, is not damaged! Conventionally, 
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Ireforl h " U b61n9 in3e ° t6d - «— 

th! ./ f * biol ° 9lcal i« injected manually 

h rr SS ° f Materlal 1S reduced' 

present- invention overcomes such disadvantages of 
=onv t lonai teohnlqu68 so 

ceu ^ th ; aint ~ ° f tha »* r: 

9611 can be. injected into organisms while retaining the 

" f rr • In • - "lively demonstrate 

in the Examples below, a aignlficant therapeutic or 

ZZZ r COt the present Lentlon 

cell a?:"' l\ tnM * * bi °l°^ -tenal such as a 

«owrate, - velocity (in 

™» ', „ " OM ^ introduoed organise without 
substantial damage to the -c«n 

volume, or the l lk e '*^ U ' Z^* 1 * »£ the diameter, 
unexpected!, SU ° h ind «Pendence is 

sue as 1 " ° f PhYSiCal Sen9e Whe " rs . 

I ^ r T dth61 ^' consideration. 

13 P ° lnt ' ^e. present invention can be said t„ ha , 
an unexpected: effect. ^ld to have 

In a certain embodiment of the present invents 
the upper limit of the velocity (flow rate) J h lnv * nti ™< 

15 ^m. .ore^t'rvnrtr 

detained to be groa or t ** — P " fe " W * 

hv considering tL™;:::;:;;:; 1 ; 0 a certaia vaiua 

alowerHmn- > mjectionto an organism. Such 

the erTif retui d ° te ™ °* 'hoee sKUled in 

of Z ocitvT. f Th£l< "' Brlimit0 ^P-deter ra ined range 
velooltyraL levb " ml/m1 "- f< ~ — ™° 

in th. PreSent lnre " l °" L not lifted to this 

In the present Invention it i. 

ntion. it is necessary to determine the 
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lower and upper limits of the flow rate by using a syringe 
pump. As a factor for determining the lower limit , for 
example, it is believed that if adhesive cells which are 
not floating cells are suspended for a long time , the survival 
rate of the cells is adversely affected . Therefore , the lower 
limit can be determined by those skilled in the art if required , 
taking, into consideration the injection amount and the 
injection time. Thus, in the present invention, the 
determination of the upper limit of the injection veloaity 
is the most important thing. 

In a preferred embodiment of the present invention, 
a biological material to be injected includes a material 
selected from the group consisting of nucleic aoid moleaules , 
polypeptides, lipids, sugar chains, small organia molecules, 
and complex molecules thereof, cells, tissues, and organs. 
In one preferred embodiment, the biological material may 
be a nucleic acid molecule for use in gene therapy . In another 
preferred embodiment , the biological material may be a cell 
for use in regeneration therapy. 

In a particular embodiment of the present invention 
in which a cell is injected, the acceleration is preferably 
in the range of 1 to 15 mm/sec 2 , and the velocity is preferably 
in the range of about 1 ml/min to about 10 ml/min. The 
present invention is the first to achieve injection of a 
cell in to. organisms without significantly damaging the cell 
by maintaining the acceleration and/or the velocity within 
a predetermined range. 

In a particular embodiment of the present invention 
in which a nucleic acid molecule for gene therapy is injected, 
the acceleration is in the range of 1 to 15 mm/sec 2 , and the 
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velocity la in the range of about l mw»< 

The preaent mention la th t iret t s" " " mVm1 "- 
- «U into organlems tlZ ZlZZtr ln30CtlOT ° £ 
ot the nucleic eci/ «» 
* therapeutic or prophylactic e«eo by ^1" *° 
acceleration and/or the velocity wlthlj r^ 1 "" 9 thB 
range. "city within a predetermined 



.or inject /a ° «* W* invention, a .yetem 

is provided. TheTnl«n C ° nl09 ' a MOl ° 9lM1 

for 1 » ^ ec. i „,! :C^' ,M ^ rliMi, -injector 

^^i^ltj:™^ bioio9icai 

the li,ui d druo at „ „ * * interest while accelerating 
■ ««> aoontinuerLrc » "** ° f — 
drug ccntainC he M T r ln3eC " 0n ° £ tha 

of velocity atter Z^^TilT, 

tne predetermined range. o f velocity ^ 

Pradete^edra^t a" 7 °" ■ 

range or velocU The 1^ T **" * 
oWlled in the art u« " ^ fital -'od by those 

alternatively the Zl T «*' 
oommercially avaiTenie ! " ^ "° °° talned " C ™° 9 

t«^e..,^^^^^» - <- «Pioyed 

Present invention la to „„ < . °" ° b3e0t of the 

organisms. t^nie«or ^"erMpiooioal material into 
material, ^^""^^"^oeof a biocompatible 
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«n ge !„; particularly p^*^* 

detecting when the acceleration r. * !MW f ° r 

^ a mechanism for supprtesl" " ^ ^ ™ 
K a«eleretienre a che.; h acceleration when the 

in order tcTa^ t 

range. „ rS^T^ ^ 

invention., the .' ^ ^ -* ° < <* «" Present 

advantageously a to ,s m/ .eo'. SoL ** 
acceleration can ha ^ P«rerable. An 

-«* ae preeluTa ^tST*^'^ 1 ^ ParM " 8r< " 
acceleration within ^J^la*^ ^ maint " ni " 9 " 
lUu.tr.tea devices of the J /° rlbed ran3e "dudes the 
thereof. Pr<,Sent lmntl ™ and univalents 

»aetooel Jted Thu ° £ ^ Vel ° 01t ' "nge 

•Limited., Thus, a mechanism is provided To-., 

the injection when the veioolty reaches t h Pln9 
Therefore, a means f or meaeurina th^T UPPer 

- — i„g the ^,JZZZ%?Z?£F? 
upper limit are Dre f-r a hi, reaches the 

the velocity «lt T 9 ^ f '° 

-»*•. ln the method : f r ;; e3a rt 9e - As desoribea 

Predetermined range of veiocitv is 7 lnV8ntl °"- th « 

»aintaini„g ; such a * ^ « 

".interning .velocity „itL» t ^ a^n^td 
includes the illustrated devices of the present T ^ 
and equivalents thereof. Present Invention 
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Examples of a biological material, which is in jected 
using a device or system of the present invention, include, 
but are not limited to, a material selected from the group 
consisting of nucleic acid molecules, polypeptides, lipids, 
5 sugar chains , .small. organic molecules and complexes thereof , 
and cells, tissues, and organs. In the present invention, 
such a biological material could be efficiently injected 
into organisms without impairing the substantial 
effectiveness/ This is significantly beneficial for 

10 regeneration medicine, implantation, and gene therapy. 
Particularly in the .present invention, by limiting the 
injection velocity itself, cells could be injected into 
organisms without impairing the substantial survivability 
(e.g., cell proliferation activity) of the aells. 

15 Conventionally, this was unknown and is not even expected. 
Thus, the present Invention has an unexpected effect. 

In a preferred embodiment, an inner diameter of the 
body of an injeator in the system of the present invention 

20 is typically about: 1 mm to about 30 mm. Note that it was 
demonstrated that the effect of the present invention (e.g. , 
maintenance of the survival rate of cells, etc.) can be 
achieved by controlling .only the flow rate irrespective of 
the inner diameter of the body of the injector. The inner 

25 diameter of the body of an injector may be advantageously, 
but is not limited to, about 3 mm (e.g. , about 0.5 -ml syringe) 
to about 13 mm (e.g., about 5.0. ml syringe) in terms of 
handling of the injector. An inner diameter of a tip tube 
of the injeator is not particularly limited, and may be 

30 preferably about 0.1mm to about 10 mm, more preferably about 
0.25 mm to. 0.5 mm. Note that it was demonstrated that the 
effect of the present invention (e.g., maintenance of the 
survival rate of cells, etc. ) can be achieved by controlling 
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(Ascription of lucrative Mechanise, 
Invention also relates to 

InVe„ tl o^r emPlary DrU9 Inl ~ tln9 of the 

.rence to the accompanying drawings. 

deferring to Figures 2 to 14 
device A can be- filled with a „ 9 "Meeting 

a nozzle portion „ t!! ! \ " drU9 ' Md «"■>■*«.= 

« a tip uji.^rr^^ 1 **'--*« 

Portion 14 provide** Y 6r 10 havln S «w opening 

P ortio„ .cr^rrsr:^' andpushin9 

,*U^.. M ^^^^^'»--t^. in the . 

"Hlle staining .^^^.J^W^^^^ 
substantially unohanged. v "°<=«y or acceleration 

The, cylinder 10 is in «,. ... 
can he ma de of .gl MS " *"* ^ ° f ' «nd 
cylinder ,o i. t " oallv " * tCans " a "" plestlc. Tn e 

•tothe example shown in Figures. 2 an* * *u 
Portion 2 comDri«A<, „ i -^ures 2 and 3, the pushing 
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cylinder 10 so that t h PrOVlded °" an ">■>« wall of the 

i« so ..that the sorew.thread. portion 22 „f , u 
Plunger 2. is, engaged with the nut -thread o„l 
1 Plug 24 Is provided at - ' Portion 1«. A 

that the plug 24 "oLact. , P ° rtl ' n,0f th <= 
cylinder 10 1„ " watertl ht """^ "* ^ " aU ° f th ° 

thenut-threa/portl" I. 1 " ^ " U ""* Se * »"» 
3o that the plunger ,„ ° f th » •«!-« 10 

- «- ^ :r 9 t; r : r::; , :::" ,uiddru3oo " t — 

9n tne nozzle portion 12. 
The nozzle Dor t s on in- 

of the. li quid drug is at ta ch ' h ! VelOCity ° r accel ^tion 

cylinder lo. a reload c °™unication with the 

a releasing portion 8 (a a „ 
is provided at a rear „„h t ** 9 ' ' a han ^e, etc, ) 

the Plunger 20 ■ and th tne ^"^read portion 22 of 

Portion . oounter-cloCwise. ■ Je hut th - r ° l ° Mi " 9 
the cylinder 10: is tvnio., , "«-thre«d portion 16 o£ 

tyPioally provided only at a portion of 
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the cyli n<aer lo, such as a 

of the cylinder lo. P ° rtl ° n ° f the inn *r wall 

containing cells. n0t llm lted to. li qU i d 

» Into the cylinders •^"' aP f ,9er ""hid, can be moved 
* *e p lun36r 20 . ™ed at a tip portlo „ 

•Kwtic member which can be a sprl„g. Uke 

. or accretion is greater th ^""^ <*« the velocity 

value. The , Prtag .Il" 1 aetT 0re,Ual t0a M ««*« 

a flange, etc .) ls \ handle portion 2 S 

°f the plunger 20. at a rear end portion 

» -to the^ntr^^:^^"- 98 ' 

the velocity or .,ocele» t :: ^"trr T" * °^ 
ln 'h, .cylinder lO canb. n ° UqU " "rug contained 

. than or egual to ZZt?J T'- e£eC °» be °™^ ~. 

^ p etermine d value Thi^ w 
tlM velocity 0 r accelerate < t because when 

9 <»a„ or egual to a preT"^ ' 20 *> »«ater 

opredeteitrr:: by th ° — 

Plunger „. ao „ the ^r^u ° nt ° «- 

in Figure SA. , T he ,!„„„ "T °°"P™ssed as shown . 

force corresponding t T h e ' " " P"oeterml„ed 

into the body a, shown in. ^ * P °" 10 " " 
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in a cylinder io ,„„ comprises a plunger 20 provided 

thereof. i B . greater th,n „ ^ ° lty or ac °eleration 

looted in. sn ^^^'-W- 
the compression of the 

P-ldedet a «p portion of thB ^rUeH: " 

cylinder 10 so that th f ° n lnn « ™U of the 

provided « a tin " ^""o 30 

i" — - - - t ~;: 

the .laeuc memhcr 30 ™«> « ° tip portion of 

potion M . so t j t th t°; „ 3 er r:r Bi r the nut - threaa 

the oyllnaer 10 wlth th T *° lB m0Ve<i £o ™«o through 
the eioetlc member 30 1 «, Provent6d - I" addition, since 

^ mod U1M . t L 3 ; of is rrrL 1 - °™<- <•«„ «- 

* -"t a nt,.« 1 odi.t y .or a l ^ bS « 

P-hln,- force . °* a ° oei "«10n with a predetermined 
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of a cylinder, extenaxn/oviri ± ln 

outface of the cylinder f. . A * " lnner »«*~*« 

1» bet»een the inflatlo,, „ t P 9 portl ° n 3» 1. formed 

for auppL„ fl thl V P ° rtl °" ° f th6 CWind or 10 

"uppxyxng the incompressible flm* fr«™ 

, spacing portion 38 (not shown ) L h t0 th ° 

. the incompressible ifi ^ ! T ^ ^ 

15 portion 38 at V *. lRt0 the B ^ c ^ 

PYlinder 10 , le reduoed „ * °* *• 

. out through the noasle at ! ^ ^ 

°r acceptation. 3 oonetant velocity 

•0 

In a. liquid drug injecting device » n * 
. a pushing potion a comprise, , hoLrS*! 

attached to a rear «nrt „ Inflating member 40 

loading portl y, * " M * ^ and a 

^oomp«e S1 , ble #luWl8 ; 6a ^*- - «*>» «. the 
by the loading portion 37 at k lBf latln3 m9mb er 40 

velocity or acdleratL """atantlally conetant 

cmnaer 1. u ^ and Z Cdt ^ " U » 
through the name portion £ ^ 13 PUBhM °" 

. g P rtion 2 comprieee a plunge* 20 movebly attached 



NO. Win p. 74/12 



- 68 - CD004 



10 



15 



20 



25 



30 



to. cylinder 10 . and . driving portlon 
Plunger 2 o Into the cylinder 10 a t a constant 

Plate 42^" r mPle - thS **vlng Portion comprises a 
Plate fi xed , t a roar mi ^ o£ 

setst 4< - a " da£i — at^t^ot::^ 

.haft «T r0tati " 9 """" ' " manUa11 ^ the rotatory 

a constant velocity or acceleration. 

In an example shown in Flaure 1. \*„< ■ 

. comprises a movable portion s 2 fixed.,' ' P °" i0 " 

a « .fixed at a rear end portion 

sl - too movable portion 55 i = »nj.^, 
a rod 60 bv th« i, , " 18 3l "ably supported via 

by the base plat. 5, fixed .to the cylinder 10. 

■ ■ . ■ When an incompressible fluid is loaded throuoh the 

andT 9 r U ° n the n0 vable p «ttn s 2 

andtheplun g er 2,are m oved. eothetthell, ui ddn l9 contel„Id 
in the cylinder 10 la pushed cut through a nozzle Portion « 
•t = constant velocity or acceleration. 

< Configuration of System of the Invention) 
... AneXampM ^°°"«guration«.* concrete system will 
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be described below. A system for injecting a liquid drug 
oontainingaoell. apolypeptide. agene, or the ll*e according 
to the present invention may comprise: 

(Da plunger pushing device to which various 
syringes.are attached and which can control the operation 
of the syringe plunger in accordance with a program; and 

(2) a micro-catheter which can be attached to the 
syrxnge and which comprises a rigid and flexible shaft with 
• needleat a tip thereof, where the micro-catheter is to 
bo Inserted Into, the body. ■ 

An exemplary configuration is shown in Figure 15 
Referring to Figure l5 . the system comprises an injection 
oon rol panel 1501. . 3yrlnge £ix 3 n 
syringe 15,5. an injection portion 150.. a 
micro-catheter 150. „ ith . needle, and the ll k e. In the 
Injectrng.device. a plate 1504 is moved by a shaf t 1503 with 
threads being rotated by control of the control panel o 
as to push the syringe. The syringe canbe fixedwltha damp. 

( Exemplary Program for a System of tha Invention Upon 



Injection) 



is „„ „ * Pr ° 9 " m f ° r ' Sy " enl °* the Present invention which 

performed 1 ° £ " ™ e injection is being 

performed is represented in the unit m/sec and the Injection 
time is. represented in the unit seconds, a 1-ml syringe was 
used under. th e : condition (flow rate, 2 s ml/mL,. The 
injection time and linear velocity of a system of the present 
invention are shown in Figure 16. 

In this case . it takes two seconds for the flow rate 
to reach Z5 ml/min. I.e. . for the velocity of the syX 
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Plunger to roach 0.02 m/aec th. 

of the sy ri„g eplu „ gerl /HI J» -cele„ti„n a (m/W) 
Thereafter, th. eyrlng ^ " '° ** 
no accaleratlon J ~ 
= "quired for the flow rate to r t *"* «- 

the acceleration of the s y r ln o , 3 ^ 
Wthan or equal to a ^C"" ~ " 1 " tal, '' d 
Plunger la 3 ub B e,ue n tlv ln un ?/ " ' tha fringe 

la generated. In th . ™ t ""^ ° D '" n0tio ' 1 aM ho aooeleratlon 
" P"oete»i„ e4 f" w ra e ^' «- 
("/-c^ of the a y rl" :i u : ln '' Ma ^ juration a 
"oulreo for the ™ rat. " T "~ « <~» 

represented by, Predetermined value la 



" P " aet ^ «o» rate (BVft i n) . 10 ,. a . t . „ 
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where the croaa.aactlonal.area of the fringe 1, repreaented 

oxpre S slon?C^ c J° rat ' h ; no a /° TO - d -orlhad relational 
experiment ls 0 . 0 „ *™ ° f ^Inge plunger ln 

the e y eten upon inject!" t&S Pro ^ '« 

F " in J Qc tlon is used th« n^t,- * 

of =e«a la not reduced. lt cen b. fh ° ""^ 
not damaged. In addition K ,<,ld ° elis «e 

- ~ to Prevent the ;: p ;rr tr0 " in9 

Plantation or gene i„tXtloucahb the 
waging .the l nS . Me Sf : a 
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It takes 0.5 see for the flow rate to r«« >, 
predetermined value 3 a m ,/ B r • " reach a 

- t ha Plunger J:r h 1 rrr ir h : h iinMrveiooity 

is calculated b y dv/dt to ba 8 C m/8e 7' rr 6leratt ° n 
5 is considered that the m Inthlscaae.lt 

acceleration of o i m/ >T i ° 3e ° tl ° n haVl " S « 
or o.i m/aeo 2 damages cells so *u 

proliferation ability of the cells after IT 
suppressed. Further th. h, k Injection is 

rise of the f l T aCCelera «°" «»- the rapid 

» - cell and e "e ' *° ^ *» «» of 

» inner dle^of r^r^"' ' "~ ~- *• 

(2. Start th " <Sl ° Paed tlme 1 '"">• 

3 11 t the eY ^ USJ -ng e start button. 

(3) Start a timer. 

(4) Automatically calculate a tarn.r 
Plunger acceleration a ( m / sec >,. W L ,k "^"^ 

0 exceeds an upper \ ' acceleration 

and return T ( i r ' « error message 

(5) start the 

Plun gcr n oTtXthetc T* « ^ ™* 

ba 8 ed on the movlnVl r * tl0n °' ^ 

timer us^T-ond h T ^ ^ ^ indl ° ated * th. 

velocity of ^ the movement (5) r f th T T 

than the upper limit iaJ A aCCeleration « 

(5, . ' lnCrea8G th ° velocl ty of the movement 

(7 J Measure the moving distance of t-h. 
plunger at th« ^ noe of the syringe 

i«ue cased on the moving distance 
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and the time Indicated by the timer ualn g a first or„ 

T::::TT on circuit - if the <~ ^zv:::i 

— *• -Put « error 

(8) Measure the moving distance of the 8 vri„ OP 
Plunger . If detecting the dead end output a .t 
^d return to (1) PUt a 8t ° P moa sage 



*V way of ' r Pre86nt lnVenti ° n Wl11 b « 

cnly £ iZtrl I «. provided 

the preL t ? PUIPOSee - the scope of 

the invention is ^ ^ P 



(Examples) 



limited to tK Pl ° 3 - The Pre ' ent Mention l„ not 

limited to the examples below. AMmals „ ere " 

accordance :with rules ^ created: in 

ith rules defined by Osaka University ( j apan) . 



(Example 1) 



«- vi.co Si t y;oi t c^;; r rrrr t:r th- 
in rr^r^r of — 

i:;rr ato :~ 

The syrlngee were operated with a system or 
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aj-ujre experiments and was fnnn,i w 

ana was found to be 0.1 m/sec 2 . 

(Preparation of Cells) 
(Measurement) 

investigated byt tj" , C011 30tiVlt V ■ 

above- dasoribed 9ample LJe, "» 

• Trypan Blue Staining Method 

Trypan blue was dropped into « no n * , 
drug immediately after i „ h T containing liquid 

Is one of several st«ir,„>- cel1, Tr YPan blue . 

overax stains recommended.f or usa 1 n , 
procedures for viable c« n Y exclusion 

- t h e ^^.^^ ^ - — 
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After trypan blue staining, cells were 0 «»n* ^ , 
assessed with a microscope. and 

• MTT Method 

ng rne faot that tatrazolium salt is r«d,„.„* . 

amount of pwduceo £orma2an correspondB ^ Ih ° 
of cells. Forma^n v, Q ° tne nu *»ber 

celts can * easl ly .*t^^^T * 

of a sample r n bahh , meaa uring the absorbance 

relatively early. ' * Can be d °tected 



Table 




Outline of Devices I, n 
Inner- and Inter- layers : PTFE coating 

^*o.o 2Smn4 - llnecoil braid±n 

inne ^ " ^ * tube 

inner diameter, 4 7 ^ f Outer diameter, 



25 
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• Test Condition 

Table 2 



NO- 


Injection velocity 


Device 


Syringe size 


1 


1 ml/min (system) 


I 


3 -ml syringe 


2 


1 ml/mln (system) 


I 


5 -ml syringe 


3 


3. ml/min (system) 


I 


3-ml syringe 


4 


. 3 ml/min (system) 


I 


5 -ml syringe 


5 


5 ml/min (system) 


I 


3-ml syringe 


6 


5 ml/min (system) 


I 


5 -ml syringe 


7 


9 ml/min (aye tern) 


I 


3-ml syringe 


8 


9 ml/min (system) 


I 


5-ml syringe 


9 


12 ml/min (system) 


I 


3-ml syringe 


10 


12 ml/min (system) 


I 


5 -ml syringe 


11 


15 ml/min (system) 


I 


3-ml- syringe 


12 


15 ml/min (system) 


I 


5 -ml syringe 


13 


20. ml/min (system) 


I 


3-ml syringe 


14 


20. ml/min (system) 


I 


5 -ml syringe 


15 


25 ml/min (system) 


I 


3-ml syringe 


16 


25 ml/min (system) 


I 


5 -ml syringe 


17 


about 5 ml/min (manual injection 
with syringe) 


. I 


1-ml syringe 


10 


about 9 ml/min (manual injeotion 
with syringe) 


I 


1-ml syringe 


19 


about 12 ml/min (manual injection 
with syringe) \ 


I 


1-ml syringe 


20 


about 15 ml/min (manual injection 
with syringe ) 


I 


1-ml syringe 


21 


about 20 ml/min (manual injection 
with syringe) 


I 


1-ml syringe 


22 


about 38 ml/min (manual injection 
with syringe) 


I 


1-ml syringe 


23 


S ml/min (system) 


II 


3-ml syringe 


24 


5 ml/min (system) 


II 


5 -ml syringe 


25 


9 ml/min (system) . 


II 


3-ml syringe 


26 


9 ml/min (system) 


II 


5-ml syringe 


27 


12 ml/min (system) 


II 


3-ml syringe 


28 


12 ml/min (system) 


II 


5-ml syringe 


29 


20 ml/min (system) 


II 


3-ml syringe 


30 


20 ml/min (system) 


II 


5-ml syringe 


31 


about 9 ml/min (manual injection 
with syringe) 


I 


1-ml syringe 


32 


about 12 ml/min (manual injection 
■with syringe) 


I 


1-ml syringe 


33 


about 15 ml/min (manual injection 
/ with syringe) 


II 


1-ml syringe 


34 


about 20 ml/min (manual injection. 
. with syringe) 


II 


1-ml syringe 


35 


about 38 ml/min (manual injection, 
with syringe) 


II 


1-ml syringe 


36 


control (no injection operation) 
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The results of a trypan blue staining method for 
detecting cell death immediately after an injeation operation 
are shown in Table 3. 



Table 3 



No. 


Living cell . 


Dead cell concentration 




concentration (cells/ml) 


(cells/ml) 


1 


460000 


0 


2 


450000 


0 


3 


480000 


0 


4 


450000 


0 


5 


430000 


10000 


6 


370000 


0 


7 


460000 


10000 


8 


350000 


10000 


9 


300000 


10000 


10 


270000 


0 


11 


260000 


10000 


12 


250000 


10000 


13 


230000 


10000 


14 


170000 


o 


15 


160000 


10000 


16 


250000 


10000 


17 


460000 


T ft ft A ft 

10000 


18 


470000 


o 


19 


340000 


10000 j 


20 


250000 


o 


21 


210000 


0 


22 


120000 


10000 


23 


990000 v . 


10000 


24 


190000 


10000 


25 


80000 


0 


26 


. 72000,0 


0 


27 


600000 


0 


28 


. . . 550000,. 


ioooo 


29 


. 350000. 


10000 


30 


. 390000 


10000 


31 


850000 . 


0 


32 


. 550000 


10000 


33 


460000 


0 


34 


380000 


10000 


35 


110000 - 


0 


36 


560000 


. 0 



Sample No. 36 indicates a control, i.e., the initial 
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cell concentration of a liquid drug. 

veioci ty over t r; f r^ 0 r cei1 pro11 — 

3t a inin/:::s n ^e\"v te8t resuits ° f * try - ■*» 

of 30.000 to s 9 0 ^^7 ~* concentration range 
*fter injection. J™;^ £ "* 
instantaneous cell deat" does " ~ ** m °» at ™«* that 
section at an ^^^^ 

t^e ceu proliferation "tS * 038638 

flow rates described in Table , ' ^ ° f the 

ea in Table 2 were used as follows. 

1) 5 ml/mm (system) j , ml 

9 1 c , , . 1 3 ' ml syringe 

2) 5 ml/min (system) r 5 ml 

3 » o mi / j / rml swinge 

3) 9 ml/min (system) r » ml 

4; 9 m l/min (system) r c m1 ' 

5) ?n mi ; 5 -ml syringe 

6 ' ° b0Ut 38 »V»±I.: (manual Injection) 

71 k «i> ^ 1 1_ml syringe 

7) 5 ml/min (system) n * m1 . 

s mi, * , - 11 3 " ml syringe 

5 ml/min (syatem) n s . m1 



8) 
9) 



- ...*/«u.u t system ) tt q »,! 

Q m1 . , , 11 5 - m l syringe 

. 9 ml/min (system) IT , m . 
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... 11 syringe 

12) control (no Injection operation) 

Another system waa used to carry out a .i m4 i„ 
experiment u „ d er the following 

1) control (no injection operation) <e ystem) 

21 5 m i /min : (8ystem) J 5-layring, „.! 

31 «„,,-, ■. ■ ■ 5_ml syringe n=i 

J} 9 n»l/mln (system) T . , 

41 ln m1/ . , 1 5 -ml syringe n=l 

«J 10 ml/min (system) T - , 

5, on _, /m . ■ 1 5 " ml syringe n-3 

5) 20 ml/nun (system) t . m1 

6) 38 ml /mt n , 5 -ml syringe n=3 
38 ml/min (manual injection) 

I 1 -ml syringe n-3 
The results are shown In Figure 18B. it was founH 

compared to conventional manual injection 

Another system was uaed to carry out a .,■ „ 
exponent under the £ ollowi„ ff condition! " 
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1) control (no injection operation) (system) 

1 5 ' ml syringe n=3 

i) 1 ml/min (system) T «- - 

5 \\ -» «i / , ml fringe n=>3 

11 3) 2 ml/min (system) r c m1 

, 1 5 " ml syringe n=3 

4) 20 ml/min (system) t s ml 

5) „ ml/ , . 1 5 ~ ml syringe n=3 
5) 38 ml/min (manual injection) 

I 1-ml syringe n-3 

10 that 1, T HT"* *™ 3h °" n " Fl9Ure UC ' 

that If the flow rate u:l«, than lo W/min . no problem 

"::r;„ i„: refore ' oniy an uwsr — * ^ 

the flc"rat T lnVentlM - '** " th<> ^ <* 

a™, addltl ° n - huma " -Kblasta were eultured and 

attpoyed to the lnflue „ oe 

proi " e ""°" «- f »n» % f lou rata co „d itl o:: 

1» control ,„c miction, , 5 . ml syrlnge n=l 

9 ml/min (system) r <■ ml 

JJ 38 ml/min (manual injection) 

25 1 1 " ml syringe n=l 

celle 1 f e "t Ult " reShOWnlnP1Surel8D - Aisoforhuaan 



30 



- - — vaiiiaa out at a 

ah ; ic r r: s ° £ ^ 10 - Proliferation 

ability is .not. aubatantlally lowered. 

said thatT rdi 7' t0 It can be 

said that, the proliferation ability of a oal! i s „ ot lowered. 
X.... the cell i, n o t daraaged . „„„„ ^ ^ ^ 
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fouV«! Sy0t<>,n ° f Pr9aent ln ™«<">- However, it „as 
found that „ h .„ Inaction „ M oarrled out at a tlo r«e 

summarized, it was fnn^ *k , ««ect. To be 

10 ml/min; Y 65 than abou t 

It was unexpectedly found that t h« ' *■ ■ 

-SSI—-—™- 



25 significant 



on the H« W ;r h9 »^™~ch hM an inf luence 

no result The velocity oar. bo easliy ed1u«t« rt „ 
Physics . 01; me dical Petitioner, with ordina y L 
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(Example 2) 

Various cells were subjected to 

Therefore. l„ the „„. ' raUtlvel r resletent to shock. 

.« • control in oraer t o in T^"' «.„ ue.o 

m order to investigate the lowest lav„. 
cells „ ere in3sote<J ^ owe ,t level. These 

Thereafter, cell death ,„„ .. aevlo « as in Example 1. 
stuaieo. The su^™ar a9 r° 0elXP " 1Wer " iOT -" 
^ trypan „i ue Jtll" ng ° 6 " S 

cesorlhero^ow"" 1 " 1 " 9 ^ *** ^' ^ are 



20 



25 



Rat fibroblasts 
-ntalnea tn a J£ — 

M<1 " atrepto myo i n) in M ^ .^3^ " 

' Test Conditions 

Table 4 
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Similarly, the proliferation velocity of the cells 
was measured. In the case of 20 ml/min. substantially no 
damage „aa found on the cell. In oontrai>t , ln ^ ^ 
the flow rate of more than 20 ml/min . . Ught dalMg<> ^ 
in the case of is m i,ml„. tha proliferation rate „ae reduced 
to about 20* of the typical level as In Example 1. 

According to the above-described results. It was 
demonstrated that when a U qul d drug co„taini„ g a biol„ glC al 
material such as a cell or the ll*e . is injected into organisms, 
the acceleration and/or velocity of the cell have to be 
maintained within a predetermined range in order to suppress 

etectve f ParC1CUlir ' ° Vel ° 0lty ° f 20 « 
errectlve for any cell. 

Vein . ' ( f ampl6 3 V^ther study on Cell Injection 
Velocity-Proliferation Curve) 

oron, A ". lnflUenCe ° f cel1 injection velocity on a ceil 
Proliferation curve wae 8tudled in accordanoe ^ ^ 

Protocol. described. m Examples 1 and 2 under conditions 
described in Table 5. oatxons 
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Cell 
Rat 


Cell 
Density 


Syringe 


5 Injeotior 


1 Condition 


myoblast 


. 5x10 s 
cells/ml 






control 




5 co 


«-* mx/n.j.n 


1 








9 ml/min 


2 


• 




3 GO 


5 ml/mlri 


3 








9 ml/min 


1 4 




; 


1 OC 


jo mx/min 


5-1 
5-2 
5-3 








20 ml/min. 


6-1 
6-2 
6-3 








10 ml/min 


7-1 
7-2 
7-3 




lxlo 7 
cells/ml 


- 




control 




3 cc 


5 ml/min 


8 








9 ml/min 


Q 






1 cc 


38 ml/min 


10-1 
10-2 
10-3 








20 ml/min 


11-1 
11-2 .■ 
11-3 








to ml/min 


12-1 










12-2 
12-3 



Tha results are shown In Ploure n • „ . 
fron, the results, when th. f , As can be seen 

Proliferation is ? " 38 nl/mln - 

«~ rate m J I T' ^ *" ™ trMt ' — «* 

e^hinoenti;^:;: 6Ss - th — * 

(Influence of Tip Tube) ' * 

«ed. Shatts ( tl p tubes) having an lnner 
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diameter in the range of o 1 mm +~ , 

96 ot °- 1 mm to 1 mm were employed in 

i«r!!r was found that th ^ inn « «— 1« of the 

M " lnt ° ° r3anls - 'ubetahtiallv lrreap eotiva of 
inner diameter of a shaft, (tip tub()s) . 

(Example 4) 

of each 7° UPdeTSti " ,a «l«lo„ehip between the set value 

the fonoli ^ £1 °" ^ i0tUS1 ° UtpUt 

the foUowms experiment »ae carried out. 

Measurement method: the output flow rate of water 
was measured when a system of t-h water 
* ■ system of the present invention was used 

to perform an injeatlon onerati™ 

j tion operation at a constant flow rate. 

Experimental Samples: 

■~ ssrssr-" pffe 

beiow ^^; f =~«re ahown in Table 6 



nu. n.m h. uj/121 



- 85 



CD004 



Inject 
flow r 
(ml/m 


ion 
ate 
in) 


1.2 


2.0 


2.4 


3.6 


4.8 


6 . 0 


7 0 


8. 4 


9.4 


Output 
flow 
rate 
(ml/ 
mln) 


i 


1.163 


1-938 


2.330 


3.503 


4/609 


5.671 


6.810 


7.666 


8.955 


ii 


1,173 


1.929 


2.307 


3.407 


4.557 


5.636 


6.795 


7.528 


8.937 


ill 


1.167 


2.006 


2.361 


3.496 


4.555 


5.753 


6.860 


7.624 


9.050 


iv 


1.161 y 


1.938 


2-315 


3.467 


4.679 


5.775 

- 


6.897 


7.895 j 


8.951 



velocity of the system end the eotual output flow ret. „ 
..^ ^^^^^^^^ 

xuw rare of the system, it ± s clarified th«f 
substantially no influence of sucn . ^ ^« 

« was found that e reduction In the. f low rete aid net ve™ 
dependlnq on the inner dimeter of. the samples ueed In Z ' 
experiment or the preeence or abse„ce of a needle . ' 

15 (Example 5) 

Next . animal models were ueed to carry out injection 

* mappi„ g ooete IT — * 

, ™ of "^Ulons yen. and requires 

e high level of.sKill. Therefore. It le difficult to hanole 

hTdell nhSY My " manlpu 

the device .niapeh,. The surgery requires at least two hours 
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A needle oannot be fixed 

arrhythmia has been reported. ^ Ala °' 

The present Invention was anni ^ «. 
Corona artery can bo use J ™ » T ^"""—Wr* 

Therefore, thaaoo.. J V technique t« available, 
artery CM bB used as aL, In 7 T a " erleS ' C ° r ° nary 

ri90W 22 - 23 — device^ 

10 Ah 

anesthetized!?. H , Kel9Si ' 19 * k9 ^te M cally 

Predetermined perspective way ^ in a 

5 ineerted into the left faction catheter was 

in >ctioncathetr„:: ^r; t rr h e T iniet - swc ° the 

+u «■» micKer than the dog ooronnrw 

the catheter was in aaT -f * ■ " * coronary artery. 

was inserted to a length of only 1 s , m * 




V V J 1 J • J U 



•j. ) nranrai; i w uonr.n 
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°~-llyenesthetl*ed.ndacatheter„aa inserted through 

was Identified, the catheter was inserted into theToronar^ 
«*«y. banco, was inserted toward a heart chamber. Z 
injection . needle was projected. A P0 oi of contrast medium 
was observed at a site in which the needie was projected 
It was confirmed that the coronary artery was imaged due 
to the leaked contrast medium. 

(Results) 

in p, Th<> rOSUlt " ° f th ° ab °™-<i«<=ribed example are shown 
in Figure .24 . The beagle dogs were sacrificed. The heart 

seen from Figure 24. it was confirmed that the needle did 
not break through the outer surface to leak a staining lijo 
because the needle was directed otherwise. It wasps' 
confirmed that agreen etaininguiguid.ae present in a c r 

wTr/e~ h - ea «• - * — - — 

d« m . ThUS ' 10 ^ aCtUal anlmal ^rlment, it ±, 
demonstrated that the* < n w 3 

invention functions eff:ci:t;. 9 . Sy " em " ^ 

injectlng^ic:, 65 InJeCU ° n U81 " 9 Li9U " 

Next . a liquid drug injecting device of the present 

snoTl P r U8Cd tte " me " ^ ^ 

carry out 6 2 WM fabrid " 6a - ^ - — to 

verity in°an° ■—»»-« Ousting 

velocity xn an experimental system as shewn in Example 5. 

It was confirmed that the device could adjust the 
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cell injection v locitybetwaAn i mi / 4 
davlcewas „..„,„.. * * "^n"^" 1/«i„ 



device was used to oarrvou, '~""'" 0 ■ 1 "" il >- The 

Substantlan vVh? XPerl,n9nt " Sh<,Wn ln E *°'"Ple = 

th»t 0 „,, areSUltWaS ° btail - e<1 - """confirmed 

that cells could be aotuaUy J™ 

impaling the survivability of the celle. ' 
« that of Example 7 ^ *™ 

be oonet^ a u l tit"" ^ W-nte 

except as set forth ' °" """^ ° f th ° ^tion 
set forth in the appended claw *n 

ore incorporated b y reference ee If set forth fully he^! 

achleves'effll': ^TT* ^ P """ 

host which" a<talnl3tratl ™ <* "composition into a 

mention 1. useful for industries rel^ntt t^e ~- 

oan ,b. rlS^T?/ 1 "" 0 " 3 * 11 * <™< * «« 

departing f rom «" 

According Tt is "b T ^ W " ~lon. 

appended'he'e b ZZT^l ^ °* ° la1 "" 
herein, but rather- «T ' desc "«*l<>" as set forth 

rather that the claims be broadly construed: 



